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o, ’ - i PREFACE
., " An Arabian sultan became tho.roughly dlsgusted m\\—hi's two éohs, |
- elther seemed fit to inherit his power and wealth, as they were inter-
- edted only in girls and fast horses. When he died, his will ordered that
| each son should select his fastest hdrse and Tace to Mecca. 'I‘he son
whose horse reached Mecca last hruld inherit everythmg | . S .

‘ The two young men sel fed gtheir horses and stg.rted out, - After a-
’week they were 'still only a le from home, as each dahdled in every pos-
. sible way. .Ft was cleat to both that . they would spend the rest of then- .
lives on the trip, and no one would enjoy the’ riches. = - . k
- In desperation, thgy consulted a wise man, who llsténed to their
story and thought ‘or1ef1)r He-then said to them that he would solve their
.- problem if they did exactly as he ordered. When they agreed, he spoke
‘briefly to them, whereupon they each dashed from t.he roch, jumped on the
- horses, and galloped full speed “toward Mecca.
: ‘What had he told'them? The wise man had studled the problem and”
“ yealized that the trouble arose because the: v.sm?er was ‘the horse ta, take
- the maximm time to Mecca.' To convert this to a @ réblem, he or-
- dered €ach young man to ride his bmther s horse. t|£ goal of, each
rider ould be to reach Mecca as soon as possxbl y |
This story, whlch really has nothmg whafsocever- to do with tecfmology,
111ustrates one of the basic objectives of this book.. In the followmg
chapters, we will consider a sequence of socm[tedmologlcal problems (health
services, auto accidents, polliition, energy shortage and so on). In each
of these problem areas, the United States (and indeed much of the world) seems
Jro be in.a nearly hop ess ‘situation. It is not clear hdw governmental or
social action can. mpro the situation. o
- In thé‘ energy crisis, for example, bu11dmg more electr1c1ty energy
’ generatmg stations will increasé air and other pollution, further dgplete

"~ two altematives seem to be more costly sources Or decreasing per capita
use. In the forrker approach, any'rise in the cost of electricity in our
cities drives more manufacturing mHustry to rural areas (and the welfare
problem worsens) or weakefis the intelnational trade position of thig country.
<.If we try to decrease usage, the only effeg&e means seem to.involve govem—
. mentgl restriot.ione on personal freedom. ~

already scarce natural resources, and introduce safety problems The only .




[ - As tge country selects among “the alternatives which are open to us,
intelligent decisions depend upon public technological 11{‘_erelcyt The deci-
‘sion makers and the public’ must be able to look at the problem, ,understand ‘
the factual core: of knowledge%bouth this.’ area, and appreciate the sz.gm.fi-
canca, of the various altematwes While many people egﬂ:lth ithe 1971
fdec:.smn in Congress on the. 88T (the supersonic passenger al 1ane), few
cogld agree mth the hystena and nﬁsmf'ormatmn which beclouded what should.
- have been ‘an informed public debate. ©O -
Thus, the first ohjectwe of t}us book is to attempt to’ look atia .
' sanplmg of mportant, ocm~tedmolog1ca1 problems in a calmp and rational
way: to consider first whether there actyally is a fﬁroblem and, if %6 how s
bad it is;rnext' to determine why the problem has. ar1sen, and fmally, to see .
~ vhat alternatwes are available to us'as a, nation.. - v 4 |
e broad' goal of sucﬁ/i"/atmnal consideration is to seek an alternatlve
(a plan of action) which beﬁeflts all mterested parties. In so many of the
environmental and socm; 1ssues of the ;)astafew years, problem has, been
viewed smphstlcally as just a- confhct between ‘indus *and human values,
between the govenment and the people, or between technology and the environ- |
ment. In marny cases such ‘a head-on collision emerges mexely because the

»

problem is smplrfled SO much thdt essential e@?ents are cxnltted entirely .

from cen51deretlon.! ; ,

Agam, a classic story 111ustrates the ridiculous position tha;t'can
arise when seemmgly competitive forces ‘refuse to cooperate Two ice cream
venddrs wheel their cdrts to a mile-long beach each mornmg .There is no ~
reason for the publ.u: to prefer one -over the other, SO the custoner goes to

 whichever one'is close Where sho uld the one who arnves first set up his
o stahd" How about the Zne who arrives later'?
" The first one shoul_cqucate in the mddle of the beach, the seconci
' mmxedlately beside him. Thus, each day the two are shoulder-to- shoulder in
€ center of the beach. If either one Yocates anywhers else, the other will
have more than half of the customers. ‘

\tlearly, this is.a r1d1culous way to act. They each would do better
(and the/pubhc “would be better served), if they cp0perated and each located
‘ 1/4 ‘mile ‘from g end of the beach. Then the two vendors would .be @ half-mile
apart, but no potent1a1 customer would be more than a quatter m11e from a
. vendor. And each would ser\nce half, the beach

-t
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P g&’ This’ ,solution, SO loglcal to an out51der, reqm.res that the two ) T
‘4‘211& They must -discuss their’ problem of where to lecnte, e ,
- reach ational and thoughtful- decision, and finally both abide by that '
decision. ~In the same way the confhctmg forces in the much more com-
‘plex,, socio- teclmologlcal problems must, for the public good, compromise
on the best possmle policy even if ift does not correspond to the maximum
potential p;mflt for the company or the solutely minimum damage to a part
of the enmmmene . Traffic fatalities qould be stt)pped abruptly by for-
bidding any vehicles, but the social and|economic upheaval would be, cata- .
strophiic; on the other hand, ‘the fdilure require safety measures which
(?ilf}is thousands of lives represeits an equally ‘indefensible approach i
pmblems become more complex and as they Jmpact more strongly on |
the quality of human. 1ife,. the pubhc and the dec1smn -makers mist approach
\ these problemg with a greater depth of mderstandmg This is.the back-
ground motwmzlon for this book, whic.h*ls baSed upon cqurses given by the
authors to general mdefgraduates )and to adult, continuing education, grad-
vate students, both at the State University of New York at Stcm)f Brook.
- Thi$ book has evolved from the author' work over the past .seven years on .
the Engmeermg Concepts mrnculum Project, w}nch developed the secondary o ot
school text The Man-Made World. * The authors express their gratitude to P
thelr cnlleagues on the ECCP activity, and recognize .the support provided
to EQCP by the National Scmnce Foundation. The development” of the college
course hgs also been aided by grants, from the U. S. §tee1 Foundation, IEBM,

-

]

Public Sen‘m.ce Electric and Gas Corp of Nexgﬂersey, the TRW chmdat1% R
and the Esso Education Foundation: : : . | _ 4 ’
‘ E. J. Piel
, ‘ J. G. Truxal
' / . - -

Stony Brook, New York v
* January 10, 1973° : - , k " Y
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s the’ dcnsely popnlexed &ew Jersey—&ew York region. Hichin the storm.jwind 0

" CHAPTER'L ' . .

L

U U R SYSTEMS AND Dsc:sfousg I co

-M’Seﬁccnher; 1976L‘ A.major Hurricane .at see 1is heading directly toward'l j-!{;

[

: L velocities of 100 miles per hour have been meespred by observation planes.

.
-

.o el

 and deaths in addition Co property damage of §l S billion. The winds werei -

A

Radio and television ‘are broedcasting frequent warnings to-Brea residents.,
but there rg very little they can.do. "The stomrm promises to be fully as.

severe as Betsy in 1965 end Camille in 196§ each of which caused injuries‘

“~  d

the primary ceuse of destruction, although there was also. some flooding. )
Meanwhile, in eﬂﬁashington offlce a man debates® nhether to try to
mcdify the storm by cﬂbud seeding. Most meteorologists are convincec that

the maximum wind velocity of a hurricsne oat.be reduced at least slightly

st .

by dropping massive ameunts of silver iodide crystals in the outer eyewall .

I

region. “The obvious defisicn is to seed.

.- t ’ ‘ v—-f‘

For seyeral redsons the decision is: nob so simple. First, there is
y 8

really very little scientific knowledge ebout the probable effe*ts of . '

' seeding. Onlyltwo hurricanes have been seeded in the past, with only one -

of the experiments really useful as a source of knowledge. On August 18
end 20, 1969 hurricane Debbie was seeded, with reductions of 312 en&rfﬂz
. ' i
the peak winds after the crystels were dropped. In 1971, ging£r was ;/

segded, but in this case the silver iodide was placed in the heavy rain ‘ i’

. !

region well outside thefeyewell the seeding had no significant effect. -

-

Since 1971, there have been no experimental seedtngs‘eyen thouqff

*

the program, called Project Stormfury, has continued. Why no experiments

s

for five years? The Project has been working under the rules that no

b .
. K
. .

n
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accounting which does not take into consideration the human nisfortune. *

seeding is allowed if the storn threetens a coasbel area or msy hi: a

. popnleted erea within 18 hours. " So little is known scientifically abou: Sy

the effects ‘of seeding on hurricenes, Project Stormfury has been avoiding \f

modification of any storm’ wﬂich might immedietely affect people An large ',;”,f

‘numbers. Hence, experiments have been restricted to a reletively snell

area of the Atlantic Ocean south,nf Puerto Rico =-- a regioe close enough
'to scientific’ instruments to allow deteiledemeesurements ok‘storm charaeter-'

iscics, ‘but far enough from populated areas so that, if the seeding should

/

causé intensification of the storm, there would ba no direct effects.1

»

The deciston of ""our man in WashingCOn" is further complicated The
maximum wind velocity is now 100 miles/hour, with the center of the storm
100 miles_off shore (or 12 hours before 1t hits the New Jersey-xew York
coast)r _Past experience with hurricanes indicetes thet this peak wind d
will grobably increase asg.the stornm moves across the open dhter,‘although T
tﬁere might be a decrease. By the time it hits land, the maximua wind ) 3::%r .

‘ \ .
veloeicy-is likely to be 125 9i1es]hour. Iﬁ,tﬁe hurricane is seeded, the
probable or hooed-for effect will be a maxieum wjnd velocity of 110 miles/l
hour et landfsll (Fig. 1 1). This reduerion of peak wind from 125 to 110°
N

(if seeding is completely successful) will result in a-40% decrease in.

LS

_t:ﬁe‘damage.2 In dollsr terms, $400 million will be saved 1if ‘the daeege

* ‘. . :
‘without seeding will be one billion dollars; this is a.strictly economie

b

~ o . . ¢
— v e - i

l) . ‘Q‘ 1:'; . ] . ]

: The instrumentation used in hurricane studies is descrihed in the s
article: James W. Meyer, Toward Hurricane Surveillance and Control, .

Technology Review, Dctoberé“ovember 1971, pp. 59-66. \

¢

"2. In mathematical terms, the expected damage is proportional to the
maximuh wigd velocity -raised to the ‘4.4 power.
. - Lot ¢ 4\

&
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| Fig. 1-1 Possible change 1n peak wind as-
- ' . S . hurricane ap;fr.‘oaches land )
| T:e problem canfronting the "man {in Washington is now clear. 1t !
. T S

_he orders seeding end it 1s successful, the public will leam that. the

‘e

. » ,
Since 'here is a small chance the peak wihd might, have decreased before

~

| landfa.l the natural publie conclusion will be that: the seeding intensified

peak winds increased from 100 to 110 mph after the seedin" oparation.

A

the wiﬂdg and inereesed thé damage. If he does nothin‘g (no seeding), the

* "storm is likely to hit land with peak winds of 125 mph whh catastrnphic

3

the governnment, since the public can be told v?ith considerable honesty

'Y < A\

[

that tio 1fttle is known scientificany ebonx: hurricane seeding to justify 5 '1

.t:his a:tioen. Finally, the de

-

¢ +

,this is an e[ect.ion yef./r t ministration, which will be held respc‘msib!e
\ -

-
nust face the electorace in 1ess than

~ by the pyblic for seeding results

. 'é:- FV & L . . . ' -.\ ‘ et .

- two moathis. . .. - s . . N !
" ‘ ) L . . PF Yo i 2 ! . L) . e
Comment ., ° | ' - o S "
._3“_“___: / ‘ - 1 , " . L

t

_ effects.. Yeat under this latt.e:' q:tion, there will be no strong criticism of ‘

‘ sion is further complicated by-the fact |

‘I‘aiéés;gz")/, wl'\ieh 1is likely to héppen' é.n the next few,years, 1s a i

L S
;
A



typicakﬁsbcio—tecbooloeical oroblon.ﬂ/ The tcchnoloeicalrrefers to-the

]
PP a.ﬁ‘ N ‘ ’ - .o

strons contcnt ‘of > aoPIied sciénce and engineering the problem e:ises -

L AY

only Ueceuse of thp progncss which has’ been made during the last two
h ‘

~decadcs 1n veather observation and modification. The social ‘elerfennt enters

ty h sr! £ .‘ '
because the teohnology has such a direct and- itrong impact on a segment
B

. . . -

. of. society, K ;"43,.- e ‘ ' = i . <

ow X ‘ y
.

The p;oblem is also t)picel because.it requires a deeision nhich i'

strongly influenced by technoloeicei economic, politica}, and soe;sl fectors. .
. ¥ ' | )
The ogtimgy decision has to be deternined from not only scientific end SR

T

'( economic considerations. but elso public ettitudes.-'g N

Tﬁe prbblem is typical, too bcceuse a~decision must be mede. There

', ..‘_' \ ~‘ P
is no such alternative as postponenent Until,more scientific knowledge is

evailable ot until a\public educetion effort can be completed. The decision

. ! y Y

presents only two options: “seed or do not’ seed.. No decision‘is a decision o

not to seed In the same way:relthough often less dramatica nwhether

s . ! -
. to! allmw a new drug to be sold, a nev. nuclear enexgy. plant to be built, *
. .‘ ” \ - . ‘: ‘ .

or a new subwey sﬁstem ‘to be started is a decision which is ﬁorced on the

. .\ . N '
_ governient and theepeople. PoStponemezt merely meens thet the decision St

- | - o F :
has. been*nenetive for the period of delay. | sfg‘,, e, o
1 Svsten Stﬁdies o o . =y '4 S R .qj" - s

' e v

Througb the fofiowingﬂchapters we consider a small selection‘of

socio- techrological issues similor to thc hurricané—seeding problem. The ‘ i’}

‘_____...f._,L_-...n......_ L et ¥ ’ _ ool
1. A lengthy mathematicel anelysies ﬁhunicaﬂe—secding decision
‘problex is sn*oarized inthe artigle by R.A. Hovard, J.E. Matheson, and -

. D-W. ¥orth, The Decisiowr to Seed’ Hurricanes, SClgﬂce, June 16 1972
“pp., 1191- 1202.




b -ég-ime so‘al is ‘an uqd'e'rstanding‘of the" ba's.ic.epproach to 'ltch e;i'f_ohlfeins . S

¥ . [
.‘:r\ h comes undeﬁv'the titlé oﬂ _ystem studies. °
P Y ¢ 1, =
In a sxstem study of a particular area, we a.tempt first ‘to determine

‘e - ‘ , L

whethe&-e problem really exists. If so, vhat.are - the‘origins of the S - v

o

- .

prohlgaz Why had’it risen to prominenie in recent years? What current o .

¢ . i
s . . - - : N
[N . * , .o

L factors aré-aggravating the problem? ;' K J'-@ T

Y e . . . - v o . . Ts %, . e ’ L "
L The morejgpantitative we can be in answering these questious tne v

: e‘.- .! gﬁ K } R
o , P S
e better uﬁderstanding-we “can achieve of tbe nature and. magnitude of the -

L

e e

T : problen. In the languageaof today 5 physical or social sgientist we :‘ ) '%, v
‘-seek'andﬁéel of'the'system_or problem.' a statement in quantitative terms

. . . I . i

of‘those aspects of the situation wh ch are releyant. n | LT p

-

This™ model is almost alwaxs dznanic or changing with time. It is |
A * '
this dynamic character wﬁich makes the problem interesting and challenging.ld~ ' o
- ’ :
. The'dynamic model permits a prediction of the future situation, S0 that

&

“action can be takeu now to modffy that future toward more attractive ‘'

di ections. , C L e

*

The importancg of the dyﬂamic model is illustrateﬂ by all of the case Lo

1 studies throughout the iemaining,chapters, _Here,en almost trivial exemple

* - «

-+ setves to illustrate'this fundsmental‘eoﬁcept.

In 1956 a few African bees were transﬁbrted-to‘ﬁrazil to brébd with

¥

the- Europeat bees already there. The hope was to develop a more productive
&

N

s train. A'year later, 26 bee swarmsg headed by African queens, were *,

&
P

aceideatally freed and the reswlt of. mative ﬁross—breeding began slowly®

Q

o

¥~/ -

to spread throughou South‘América. Unfortunately the result ¢f the racial’ | .
tE which unetpectedly becomes:etcoedingly aggressive,

-'mixture is a varie

~

attacking animals and people (horses seem to be particularly susceptible). . T\

»

- .
- .. . “
. b & .




: The denger is that, if this vaxiety'feaehes ;hernited States. widespreadA

*

publtc reacCion wili result in the sﬁarp Eurtailment of the bee—keeping

* -

-

_.Hindustry The consequences would be a serious blow to agtieulture as welI

'l

as’ horticulture, uhere poiltnatien by bees is-so impottanc,_ ST

'Fig. 1-2 Spread of the Brazilian bee

Understanding of the préblem_depends on a dynaﬁic model whicﬁ shows
the wey the new Brazilian bee is spfeading¥(F£g.fl;2). This nodel shows,
the region in which‘efferts ehogld be'focuseed Lo §£op the-spread,\with .
the particular area dependent on‘the‘time‘scale involved 'in the creation
of Bﬁfrierée_ For example, the mo&el shows where immediate quarantine

measures might,be’usefulgl If sciegtific studies reveal that it is possible
? ] * .

to modify genetigally the strdin, the model indicates where.such efforts

T



-

'Y /‘
. shauld bc centered. fAnother alternetive is to saturate a ‘barrier area

[ 4

with a passive race. of bees, S0 that‘hueens in the srea would haVe only
c 1 B

‘a low prcbabilxty aof mating with the aggressive, Brazilian males.1
3 'S ] .
Options and altgrnativeat ; ) . .

Oace the quantitafive nodel is obtained for a particular problem,

the second step is Lo determine the optians or alternatives whidﬂ are | °
available for amelioration of the situation. ‘In thre hurticane-seeding

prqblem, there ate only two optious, to seed or not to seed. In the x;

St

Brazi_ien-hee problem)*we listed sevaral pcssibilitics for positive ppagreme

to arrest the spread,
-«

Hore-generally, there may be a very large number of alternatives,

each.having both advaatages -and disadvantages. DeciSipnemaking involves

deter-ination of that single:strategy 02 the mix of strategies which seems

likely to have the maslmum.positive valde. Here ‘again, difficulties arise _

because any strategy is likely to have not cnly quantifiable effects (for:

€

example, ‘economlc costs and benefits}, but also human and social effects
‘M

- -

with vhich it is very difficult to associate numbers. If a proposed .nuclear

energy plant can be located at three different sites, 15 is often easﬁ‘to
compare the three costs of clectricity which will result from different
land, construction, oreration, and transmission costs. It is much more

*

difficult toﬁéetermine the social and human values of lower-cost electricity

4in terms of such factors as added imdustrial growth and more jobs}‘ It is

-

1. A detailed study, of this problem is available in the ''Final Repott of

the Committee on the African Honey Bee,” June 1972 available from the
Adninistrator, Agricultural Research Service U.S. Department of Agriculture,
Washington, D.C. 20250. : |

v
STt
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i b ]
d _,zequally difficult to estimate the relative costs of thermal pollution -

& Y
. ! Fl -

' and'radiatian or safety hazardem

.
-

Again the decisicd,must be made, for no dedisicn is really a decision’

_ not to build“the pla‘; and hence, to limit the public use of electrical ~

E
- . . &4

L
-

energy - o s A '- B , . -‘ -~ - 'A - : -
In ‘this. system enpquch, man and societ§ are viewed as parts of both
; R . b .
natnre,and the. manrmade prccesses and wctld w%fh wvhich man interacts ~
s oo

dynamically. The human control of the development of technology :equires .

|

that Ege mcdels used for’ decision-making must include the human‘and sociaL *
. ‘_- &

factcrs on.which tha;)technology impacts. And the models must be suffiéiently

complete to permit the best possible estimetes af the future effects, however

-indirect, of that® technology.

R v, ’ -

2. Erecipitation Gontrol - . | '

*

“ Project Stormfury, designed to study hurricane seeding, is just a 'y
"./ ."

‘ smalsﬁpart of the total weather modification effort é%ﬁgge United States.
The:program is under a number of different‘fede:al agencies and deparbf

LN -
;ments, es,well as state.governments. There are two principal objectives:

to improve,the level of ptecipitation, rain or 800w, in selected regions,

r

and to decrea;g the effects of natural disasters. This section summarizes
; . [ . . t

the first, and the second phase is discussed in Section 3. -

’ .

The” control of rainfall and snowfall is primarily directed toward

. . - , r/ . ) ‘
increesin%Sprecipitation regions or where water is scarce, althdugh’
- there has been some expfrimentation designed to reduce snowfall #a. areas

where transportation is difficult or snow removal costs heavy.




B - Historz '..
Average snnnel rainfall varies from zexo.over some pf the driesﬁ o

«

!

deserts to 460 inchei/gt one site in Heweii,-with the usual between 20 S

® e —
f e

and 80 inches. From the eerliest tines man has tried to inerease rain— o
- *

-

A/"“ ’
fell in times of drought,v By the.first part ‘of the 1800 s man regognlzed"

L] . *

that the elouds should be pérturbed ‘and eannonbsils were shot into the .

‘ ' l‘ . : : .
. o L ¥
, air to shake the moisture !oose. S LT . \ - .. S

r

The first. federal program was 1n 1891, when dynamite was lofted Eo 'Q*
.. <
the elouds in balloons. Thése«unsuceeﬁsful attempts were folhowed by _ ,

.. - , N . ™

exptriments pixing verious ehemieals with’smoke.

On Novemben 13 1946 Ehe General Electric Company scientists, Itving ,

d- - .

‘Lsng:uir and Vincent J. Schaefer, seeded clouds over Mt. Greyloea, Mass-

2 i chusetts with dry ice crystsls. Winutes latep, snow Fell fn’ the first

€

sneeessful enpeximent. Subsequently, Bernard Vonnegut (now of the Steteo

) 3
Univ;rsi&y of New York) discovered that smlver iodide erystals were
. .
effective, and the foundation was 1aid for the hundreds/Gf'projeets now .

[
-

/ﬁérried out ssnually in the Unlted States.x. . .Y - d SN

! \ The effectiveness of cloud seeding to increase precipitatiOn bas

L only been demonstra\f‘i in the past few years, as the seientifie e*cplana— _ f
: . ’ ..
tion of rain has evolved. - In the early days, seeding had uncertain results,

* - [

* with rainfall perhaps decreasing as often as, it increased. Recent studies

-
N -

-have’ led to complieated computer models derived from extensive peasnrements -

3 r —— '
of tne physical characteristics of #louds: -the temperature distwkbution,

»”

the density of water vapor, wind velocities, pressure, and so forth. From
J‘gZ: with

b 'P

these models, pfedictions on the cffect of seeding can now be

- . .
-

. <onsiderable confidence.




' e ~ f -
T - . * H . ¢ . . '

g " A

(\
l’ , Foqhgxample, meteorologital ‘studies showed that the tempsra;nre in

b

the upper part ef tt. cumulus clcud is lcritical. (1f this temperature is

. &
v

i};#. above -20° F —silver 1cdide crystals serve as psrticles arou h~which water

. Vapor can condense to form {ce crystals which grow and fall. If the- ) " .

i 8
) . .«

temperature is below —24 f} the silver iopide tends to prevent ice forma—'

.= tion, and precipitation is reduced. This is"a vastly qversimglified o ; - N
. “ s ' .g . . . - A ¢4
: explanaticn but it illustrates the. type of scient&ﬁfh knowledge\which s gfﬁfﬁ
. v /. ] ’ o f,f.", //
has led to tcday s successful rainmaking.J) o T 7‘A *“;’ . : A
- ] . . ‘ . Lo a - . f"/: /
Q‘.‘ +

'-Current activities )

-

- -
. . . - » . ¢

- Two,programs have received widespread publicity. The first i$f§rodect

Skywater, in which seeding of the clouds above the San Juan Mo C;sins‘of

Smalls

the state and the National Oceanlc and Atm-.pheric Ahministration (NOAA)

joined forces to seed promising rain clo is every other day for twao months.,
&

The drought was broken, with 180,629 acye feet of rqln drenching an atrea

of 3000 square miles; nearly 2/3 of thg xainfall was credited to the seeding.t ‘

er, the $165,000 experiment gave a

)

Just im terms of the value of the wa

benefit of $5'million. In additionf fires in the EVerglades were put out,

with an unmeasured saving in naturpl resources.,
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\

. reduce the snowfall.

.'central Okl , and experinentS«in the eastern Great Lakes<region to

* a

Pecision'Questions - e A N

o

. [ .

- . . - . . . :
- « .

§

The recent suecesslof grecipitation-control experinents raises a
<

7host of questions in public poliﬁy which will increasingly appear’in

L

A =
.pquic discussiona in the next few years. There is by no" means geperal’

4 A . . (
popular support for such weather modification. Hhile the-increased‘rain—

fall.may be generally welcome in the region where the seeding 1s done,

" there are often strong/objections. . v

(1) Public opinion stndies have been made which shQW'strong opposition,

4

often from groups d&&h deep religious convictions or individuals poorly

educated. People ihrphe northeast seem particularly opposed.

-

(2) Environnentalists are seriously concerned that’increased precipita-

& - * L
tion may aloﬁg‘the balance among plants and animal species. Certain weeds,

pests, and diseases nay flourish.. In a Bureau of Reclamation project in

Montana, complaints arose that the increased éhowfall interfercd with

-

normal bigration of the elk.

-

by

(3) At least a minority of the population in a‘region are always
adversely affected. For:example, in the Colorado snow angmentation
program, how can the increased value 'of the Colorado RiVer water be used, =
at least im part, to compensate the Colorado residents for the difficulties
and'expenaes.associatedtwith 257 more snow each vinter?

.., .
{ a3
(4) With the prevailing weather motion west to east in the United

"v$tates, the question arises: what happens to prccipitation eastward of

“a N

thgxseedlng area? The argument is usually maae that less. than 102 of the

!

.= - s

<f



” SN s ® . : _
water in the. air falls naturally, consequently, a slight increase in orie

.
o . . .

_are ill not serﬁously affect precipitation to the east. . 'Ihe very R .

'incomplete understanding of weather dynamics, hQVEver, reelly leaves ﬁhe -

. N r"‘
z Q e A
q tian unanswered, - ‘L' - : N _ <
. : : - < - '
e . As an extreme exampie qf thig pre len, rainfall in the middle Atlantic
. ) )/ o
states in 1972 far'exceeded the record for over e century of weather f. ,:

" . - )

bfireau. data.’ ”The totel of 67. 03 inches in ?ew Yerk City was<1524bver the

“previcus record (58 32 inrhes) and 602 above normal. The '72 J&gure so

-

'surpasses the record, one can net help bt wonder whether there was a cause. .
‘During the last year or twe, cloud seeding in  the. midwest has grown from

| ]
almnst zera to a major activity. 1Is_ it possible that, as a result of the

'seeding, instabilities are created in the atmosPhere which increase rain-

. - - ® . )
. ‘fall a thousa1d-miles eastward, pcrhaps because more moisture is df;wﬂ£)~ o

northuard fron the Gulf of M%xico ok because ‘the dynamics of air motion -
Jé%ad to a slow build-up in moisture after the seeaing—induccd.rain? Such -

explanatiens are cnly*uneduceteﬁ conjecture, but they do iliustrate'the
. I . ) : ) ’ 4 .
great conplexity inherent in evaluation of the weather @odificetion program.

t e
.

Inadverteat modiffication

¥

As sclentists and engineers learn more about weather modification;
the question arises whether the increases inm air pollution, particularly
near t cities, are sufficient {o cause significant'chacges in the

weether in that regien.IiStudies of this’ possibility in such ations as

St. Louis and the northeast‘are‘still at aevery elementary stage.

Disconcerting data do come from research on La Porte, Indiana, here

¥

the steel mills emit large quantities of perticulate matter. Comparison

‘with neighboring areas seems to indicate a 30-40% increase in rainfall

t

< ~
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fzation, Geneva, Switzerland,, 1970

*

nat: aﬁly weather, but the global environment.l

s

3. ¥atural Disasters

. »

£

s

¢

21

the reduction of the effects of natg;al disasters.2

]
- . .
y . -
] - . .
‘
- ]

- .over the past three degades, and a similar .growth in the ﬁﬁr}ahel-\of
.' : o | .. s | . S

» 0
3
~

-

thm:giersto:ms.‘v“ ,In' the northeast, same e_'nvirotimentakijts have sugées

k]

' tha:: lead particles ‘from auto exhaust may be increasipg pre

 (Table 1).
. ' ; £ ~; N .
¥ . Cloud cover ' 5-10%Z more
Wintes fog © = - . ,"1501 more
;  Summer fog - " ¢ 307 wore
‘ _ Total precipitation . 5-10% more * -
Relative hunidity ' 2-8% less ,
‘ Average temperafure . 0.5-1"C more
3 #  Average wind spaed. - .20‘? less .

Table 1 Effects of comverting a rural area to.urban use
S (from H.E. Landsberg, Climates and Urban Planning,
in "Urban Climate," The World Mcteorological Organ-

L 3

-
e, e

ted -

qipikation

-

{

of @ detafled tnderstandfng of weather, but also because the large

..

’

Answers to such q&estiohs are evasive not only becausgkof the lack

raxdom varfations tend to conceal the~smé@l'changes representing a steady

*

modiFication fs leading to much more intensive scientific research on

The national weather modification program'is also directed toward’

" In éddition to tha

‘

,2. Certain natura} disasters are not naturally included within weath
modification. For Iqnstance, there is a major federal effort to reduce
the effects of earthquakes by ‘pradiction or anticipation, improving con-
structioh techniques and building and highway codes, and educating the
public and local agencies in the prevention of earthquake damage.

1. SCEP (Study of Critical Eavironmeatal Problems), "Man's Impact on the
Clotral Environmeat,” The MIT Press, Cambridge, Mass., 1970

4

er

13

‘trend. Cancern over the far-reaching significance of inadvertent weather
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.-. utilized missiles shot into the threatening clouds and carrying‘se§dlng

* !

hurricane-seeding program discussed at the beginning of this chapter,

;he following projects are currentiy underway. y o

+ (D) Cloud seeding is befng used in an ettempt to reduce hail damsge, '

now running over $300 million per year' in this country. The Rngfians have

\

. - .. . . .

crystels. I T \~ ( SR — \ ,
. A _ >

(?) Seeding is. also used to reduce forest fires caused by lightning

*

(timber losses are $700 million end fire—fighting costs $350 million annually)

(3)Fog et airports and on highways costs $375 nillion ennually in extra

transportation expenses, plus‘the accidents se common on expressways and

Y

throughways when fog appears intermittently. Fog dispersal methods are

) being designed to cut these losses In half ,¢old fog dispersal is now’

“achievable, and research is directed toward the more difficult problems

e

with warm fog. - . ‘ ‘ugd

) Tornadoes represent a_much nore difficult problem than hurrioanes,
but.tnere is early research on tornado'modiﬁication.l

{5) Finally, a major thrust of the total federai program is to vsstly
dnproved observation and warring systems. Satellite weather obgervation
is now combined with radar, alrcraft, and ground data collection, with -

!

the entire\system complemented by increisingly complex and accurate computer

"models for prédiction purposes.

4, Conclusion : ¢ *

This first chapter 1is intende#‘to introduce the general approach we .

s . _
will use as we consider a series of spcio-technological problem areas.

- '

—— b — e - -— -

‘.1. Edwin Kessler, On Tornadoes and Their Modificationm, Technology Review,
‘May "1972, pp. 48-55. ,

i |
4 S ’



‘As ve discyss eath topic, theeone‘coipon characteristic which gill emerge
is that there usually'isino clear solution to the problems. Very oftenm,
- none os the’ options is obviously the bestn 'Tne problems are'jﬁet too '. .

; conplex and too poorly understood or the interests of different public

at B <

groups too conflicting to_admit a decision.which is‘accepted by evoryone . -

as the optimum. Furthermore; as oyr knowledge and uudetstanding grov,
. ' ~ :

what constitutes the best option may change.
- The engineer or scientist‘ facing this situation, 3s often dismayed. .
He is accustomed to working with problems for which there is a corrett B |

solution. ¥hile the authors are engineering teachers, we also feel strongiy

[ ¢ - / ©

that the role of  the engineer or scientist in these issues is not to make
*

the decision, but rather to present as completely and honestly as possible

1

his view of the conflicting %actors which are relevant. The decision

must then be:'made by the public acting th;jugh-khe normal political and ’ *

soclal channels. ‘;z o . ¢ o ‘. .
The weather-modification program is presented briefly here as a

”

particularly straightforvard example in which decisions should be based

not only on scientific knowledge and social‘sclentific analﬁsis, but also

: ~
very decidedly on-human considerations.
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IR : POPUFATIO\I‘ e
A . ‘ <
In the last years of Sukarno's rule in Inaone da, he flafly opposed

\

enL program to, educate the 100 million residentg abbut family ‘plfning

ornoit;h control. He fervently believed Ehat if Indonesia was to attaln

" its rightful place in Asiah'politics, !be poyulation would have to grow L

to 250 million. - Consequently, the obligation of the government was to

-r.b.venoourage more babies, racher than do anything which might lower the

g » ..‘
birth rate. f

‘. Shortly after Sukarno was overthrown in the mid~1960's, officials

. 1
of the new governﬁhnt authorized population stadies which showed that

« - ¥ )
the population was already destined to'reach 25Q million. Unless birth
control was.introducedvrapidly, the populotion would oVershoot 250 ¢

million by the end of this century. -The country would be faced with the

severe pro»blems of raising the standard of living end provié‘ emoloy-

.ment as well as schools hospitals, and other public institutions. As

a result of these model studies, a nationwide proorem of education in
/ .

family planning was introduced.
9 © ‘ . . - ) .

>

1. Inertia in the Population Problem

. e
o

The Indonesian experience illustrates one important echaracteristic
‘ J

of population problegs: there is enormdus ipdrtia in pggulation. In

other words, even after the brakes are applied, population keeps growing

for many‘years.l This 1is true beoause, if we have a high birth rate over

AL T T T e G G GO e IR A G A e Gapmg S gu
B 1

I. The word "inertia" means two different things. It ds often used to
mean laziness or sluggishness. Here we are using it in a somevhat
different sense, as the property of a bodv or system which. tends to keep
it moving once motion is undervay.

¢

-
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the ast tho deqades, there areft’rge tumbers,of‘ggz}s*now Ies§ tﬁnn ége

- A ‘€ .. i
20. Even~if the a%erage nunber of - bahées eaeh.gir!.will have throuéh

-*asher child-beeriqg yearé is kept Small, the next 30 years will'see g\large

o 4
;inmb.t'of‘births. This in furn will cause many births twenty to thirtx
2 _ et LT < Y . e i
A 'yeer§ igter, and' S0 on.;~\Je » - L 45
| ' /’ie. L

The situation is similer n@ the grobiem of”?topping a car moving ’ %

,)v " - .
~

et 60 miles/hour. Aftef the driver slams on the Béakess the car con-
5 , I~

tinues to roll farward just’Because of its inertie ~Stopping the car

{

.-
¢

. ebruptly requires a catastrophic collision//ith a barrier or ah oncoming

ie . .
—ear. Similarly s:;bping population growth abruptly would require such

v"‘

- X
‘QQ drastic and-unacceptabie measures ah involuntary s?ériiiZation of a
o oo~

large fraotioﬁ of the young people." o :

- This inertia of population growth means that e, ‘can not expeet

-

meediate changes in the growth “rate. If the population is growing pow,

C. 1t will contingf in spite of any“%easonahle action/ye mny taﬁb In -

between a new national or: publie

I -~

other,words, thére is a long™time lag

. poliey and its observed effect. A decrease in the number of babies born‘

per family from today on will*not show up as-a large drop in population

for seveial decades. .

= »

“ A major goal of this chapter is to study this inertia in more

. detail. In particular, when we look at a population'model-for the
7

-

United States;, we will see how this {nertial phcnomepon appears.

Just because of this inertia, 1t is important that we Qe able to ~

1Y

¢

predict population trends into the future. Since deoades nust pass

M =

before-poIicy changes hav
-~ . .

e effect, we must anticipate the changes we
q
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will want to occur in the future., This is the reason,certain alérmists,

[

/
often anxidus ;o win attentioJ on televiq}on, have reqeﬂtly been saying
¢ R
"

turn in pppulatiow, it is now too léke to do anything. ' "_

N A ,saher approach was. ta&en by Congresaxand the President in July,

- f -

-

American Future. JIn his statement Nixon said, St

' f‘ ’ “‘
'"One of the ?Sft serious challengﬂh to hunan dcstin 1n the last

Hhether

third of this century will he the growth ‘of the. nopulatio.

2

4
in the year 2000 will depend very much on what we do teday. If we now

, begin our worﬁ in an appropriate manne&, and if we continue to devote

&

a considerable amount “of attention and energy top this problem, then
\ ﬁ‘(" )
mankind will be able to surmount this 11enge as it has surmounted so
~
many during the long march of civilizatlon.

Three years liter, the Commission rxeport appeared with an extensive

. A . B S S
study of the characteristics of the nopulation problem in the United

r

States and the options availabie to the American neonle,
- In this chapter, we will look at nopulation models (narticularly

for the Unxted States) and then consider the political and social pol— '
icies which are availdble to achieve a desircd population size in the
4 : . N\
future, In order to introduce the idea of popplation models, we first
_____________________ _‘ \}‘
. ] St
1. The final report was published by the Government Printing Office . -
in the summer of 1972. An advance copy, essentially identical, was ¥
published in paperback in March 1972 by Yew Aperican Library, Inc.,
New'Yark N.Y.- (w5?19) under the title, "Populatlon and the Américan

Future.," // _ -
Vs . ’ . ! :

|
¥

that civilization is doomed, we have ﬁlready paaaed the point oE no re—<:'

11969 when ﬁhey established The Commission on Population Gréwth and the ..

man's response to that challenge will be a cause for pride or for despair

rh ™ »
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consider.two simpler ‘cases before turning to the problem of human -

. N s * [N

AN | )

. - o

: 'populetion. _
, . 3 . ‘ .‘ K v'
- 2. Sea Lamprey . in the Great Lakes.

The sea lamprey in the Great Lakes have been the basis for omne of f S

the earliest: and‘most intensively studied population problems. ';f; .

&

T =.}he ea lamprey Calso cafled the lamper eel) is a vertebrate*which
norrmally 11ves along the shores of the North Atlantic, in 4oth EurOpe _ ) §
and North America. Visitors ;o Puerto Rico can see the eels along the | E
focky parts of the coast. Abput fhree fect ioeg, the‘lamprey bites ite
victims and sucks the blood and fluid from tid body. A@;er biting a
fish, it also secretes an ant1~caagulant 'S0 that the victim sLblood -~
continues to floy. To spewn, the lamprey migrates iﬂto.ﬁresh water,‘
where the female ieys'as‘ﬁeny‘as G0,00b_eggs and then dles. ’
A smeller variety of sea lempre§ has existed fbr,centuries in.Lake o

‘ -, e e .
Ontario, which is directly connccted to the Atlantic Ocean. There have C

beeﬁ;ﬁp lampreys in the other Great Lakes bécause NiagerefFalls (Fig.l2;})-

> : e

~

has blocked their trayel in from thé ocean.
- . . ) - "

- ' , Fig.ﬁz-i Reuéh map of the Great Lakes .

Superior

Lake
St.Clair




* In 1829 the Weliand Canal wvas comnleted around’ “iagara Falls, and
ships could fiove from the Atlantic Ocean fh\o the inland ports. In ST ' .

1921 (nearly a ¢entury 1ater), a'sea lamprey was found in Laké Erie.

- It either swam through the canal or attached itself to the hull of a .

,ship passing through "In 1934 a lamp:ey was found in Lake 1:. Clair, : o

'“*«win 1936tﬁlhhqke Yichigan, and in 1945 in Lake Superior. A rpw species -

- had been 1ntroduced idto the Great Lakes.” . ' .

. + ) [

-f_ The eeological‘effects were astonishing Fishing for leke trout
',h?d been a major industry and recreatien in "the four states on Lake

‘Hiehigan. The history of the pounds_of lake trout .caught each year shows

*
1

the effects of the appearanee of sea lamprey:

L [

“ _ . Year ﬁillions of pounds Y
- . 1943 6.9 | 4 | |
L 1944 6.5 | ' g .
T » , ' : P
[ 1945 5.4 . |
. : . ‘ s .
> 1947 ( 2-4 . % ‘ - - s .
1949. 0.3 | ‘ f ‘ |
1950-3  Essentially O ' . - . L

In seven yeers, the lake trout vere annihilated[ (There was also sn< )

\

effect on the whitefish population . There was a temporary dip, but
' then actuzally a slight rise because the trout preyed on the whitefish)

The response of the state and federal governments was tyniqg!"
w

Because -there had beeh no anticipation of the problem‘and no careful
4

collection of yearl#’data, positive action was not takeh untfl 1?&8.
. \ .

By then, the data shoy that the annihilation of trout was well underway

Al

. P z . :
anﬁ probably Wnstoppable. The ingrtia of the system meant that the .

‘situation was entirely out of cofftrol.




\! . F
1948 saw the start of a large program to trap the lampreys mechan—f'

ically. By 1951 the lake trout had disappeared and _the 1amoreys con-‘

r

tinued t0‘multiply, An electrification program was. started. AlL- f

streams flowing into Lake‘Shperior were -equipoed with eleétrified welrs
or screens in the hope’ of electrocuting the lampreys as_they'swam,

upstream to spawn or downstream after growing to maturity.

-

3 By 1958 it was apparent that the trapping and‘electrification

programs were not successful.’ The trouble was that the very lerge‘
nunber of eggs laid by each female mednt that thére had to bengsSentially -

100% success in control té prevent population growth. The.traps just did

3 ‘ S

not eate@. enough ed‘ults , and the weirs‘ often were broken by debris and :
. 1ce floating tﬁrough the stream‘. Finally, in 1958 it was oiscovered
that some females- laid their eggs at the stream and river mouths, rather
than upstream. The larvae then lived five years there before transfoﬁn—
ation to tﬁc.adu;t phase, lasting about a year ‘and a hal£.

“In. 1958, the finpal part of the three—pronged program started with
larvicides distributedcg\éej This chemical "warfare was aimed at the
1arvae during the five _years between spawning and adulthood

. By the midvlgsoas, it was apparent that the sea 1amnrey could not
‘be wiped out, but the population was at least controlled. By this ti me,

.however,.the‘cdmmercial and recreatiooal fishing had been,affected dis-

‘astrously.‘ In addition, swimming on the beaches of Lake Michigan was

L

becoming impossible because of the tﬁousends of dead alewives which

'repeatedly had- to be removed by  bulldgzers.’ The alewife population (a

small fish) previously had been-controlled by the trout oredotor; nov




1f they are to have any chance. of succese. . | S

it was free to grow in a friendly Bnvironment, -

. ' ) i

Finally, in the 1960's major programs were launched to stdqk.the .

lakes with trout from Lake Ontario and coho salmon. The Ontario t t,

which had coevisted with lampreys, had developed the ability tq avoid

the lampreys and also to survive lamprey attacks The salmon were pre~ “

dators on the alewives and also provided sngrting and conmercial fishing.

By 1970, a reasonably balanced system seemed té exist once again._‘ f
The gtory of the sea lamprey in the Great Lakes may well be unfin~

ished.‘ It 1is clearly very difficult to anticipate possible future

developments, Certainly, however, there is today a vastly greater g ,.

-

understanding of the nature of such "population problems, and the f

i
i

importance of‘careful ‘data collection so that models can be made whdch

will predict najor changes well before they actually occur, Thevinertia

of the system means that corrective measures must be taken very early

., ‘

3. . Buffalo

. ‘ ‘ . ‘ '
In 1830, there were at least 40 million'Suffalo;(corrECtly called

1

bison) roaming the westcrh United States. Fstimates vary upward d%pend—
]

ing on which encycloPedia one consults, since no census was taken at the
. o

'time. In any case, bufﬁalo domtnated Ehe landscape’ the way no other

animal has in history. At an average of 1000 pounds each, the buffalo

represented 40 billion pounds of bio~mass‘(comoared to only 25 billioh

younds o£ people in all the United States today) L

In 1830, the railroad arrived and’ the rapid westward exnansion of

~.the United States began. By 1887, there were only 200 buffalo left.

» B [
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In this slaughter; anipals were often ﬁillédﬂﬁor only the tongues and

"hides. An average of only 20 pounds of mean “(of a nossible 500) per

buffalo was eaten. The peak was reached Ln 1872 ehen national heroes

1ike "Buffalo Bill1" Cody led the killing of nore than seven million.
In less than sixty years, the lack‘of any sort of policy led to the
destruction of what could have been a major jource of meat for coday s

population of this country.i A single buffala could nrovide the entire

~ meat supply for at least five people for a year.

/
How could the nation have deCermined a suitable resource manage-

ment policy in 1830? In other, words how eould a Commissioner of Buffalo

have’ decided how many of the\animals should be killed each year in order L

W
[N

to- keep the‘total population’ constant? This %ﬁ essentially th same

problem we face today in eetting the rules for-the fall deer-hunting

season. From a census 6f the deér population, the state hunting com-~

Yy
missioner decides how many can be killed without depleting

population.

F
0

C

%‘e total

An intelligent}policy in 1830 required aknowledge of the way the

that are

the birth rate and death rtate?

Recent etudies on budfalo
indicated tﬁe following facts:
1. Buffalo reach maturity
2. 90% of the femanles age

. f
average.

buffalo population was changing because of natural causes.

In other words, what 1is a model of the

. ' | . : .
population without any harvesting (or killing by human beings)? °

living now in protected areas have

at agé‘z.

2 or older fave one calf a year on the




. 3. 53% of thecalvégjare male, 7% female.

4. 302 of the calves 11§e for twe‘years} ot to gaturity (;nfent
mortality is high for most animals) - . ”\  - .

; - Se 102 of the mature beasts‘die each year (from tuberculosis,
drowning, predation, and so on). : ?;“~f Sem |

F‘\From these data, we can construct a model showing the population of
buffalo each year._., .

Beforé we develop this ?odel,iit is siﬁpiset_to work first with the
populeeion~o§ femaies. The number of females determine'ehe babies or
calves born each year, 1f we aseuﬁe only tﬁae there ie‘a adequate
eupply of males. Once we know the number of females, we/can find the

\“ﬁ;g:: of maiee by a similar model. Consequently, in the remainder of

this section Mand in the later discussion of human population in the
]

U.S.), we focus exclusively on Eemales. - o : .

#-__- ~~l~‘-:~;:: RTINS

" Now we start construc;ing the‘model--just a step-by-step way to find

.the popuIation each year from the)population in the earlier years. We

start‘witﬁ 1830, when we assume there are 20 million adult females:

1830 1831 - 1832 | 1833 | 1834 | 1835
Adult females 120,000,000 _ 1 - x
Female calves C - T .
almost two yrs. - (a) . ) ) J -
Female calves .
just born (b)

. Lo
In-this table, wé need to fill in the entries labelled (a) and (b).
(a) 1is the number of calves who will become adults in 1831. In other

.

words, it is thé calves born in 1829 who will reach matﬁrity (age 2) in

0"-;&‘./'! B @ ) r - ' x . /
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[ .

1831. Our data on birth srgtes and infant nortalicy show that (1f we

\A‘(‘ e

assume 20 million adult fen’l\les\ in 1829) there were 18 000 000 calves

born then (90% of -the adult E%ahes). 47% of these were females, or .

8,460,000, 30% of these 11ve f&: Evm years, to adulthood and will become

adult females 4n 1831. 'l'hus, entry (at) is 0. 30 x 8 460,000 or 2, 540 009, -

RIS

‘e‘n‘umber ot female calves born in 1830, or 8,460, 000

Ehtry (b) 1is

The table now becomes,

| 1830 - .\{5,_\:'1;'831 1832
" Adult females. ‘ ] 20,000,000 - | vx(c)‘
Femaie calves about 2 2,-540 ,000 ‘?d) ‘; ‘
Femal‘; ;alves born 1 8,460,000 ( (e) |

We how turn ‘to 1831, where we need to find three entries. .‘ They are
determined as follows3: . . e =
(c) The nunher of adult females in 1831 is the sum of twvo parts:

18,000,000 who survive from 1830 (90Z of thé adults in 1830)

2,540,000 who become adults in 1831 ' N
Thus S : L )
(¢) 1is 20,540,600, or 540,000 more than thére were.in'1830
(d) of the 8,465;660 female calves born in 1830, 30% liwe throdgh
1831, so this entry 1s C '
* 0.30 x 8,460,000 or 2,540,000
(e).QOX of (c) is the calve® born in 1831, 47% of these,are-female,
or entry (e) is 8,650,000 - ‘

1f we continue the talle one more year, we obtain
/

s
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1830 1831 . 1832
e s . — - ' : . (.
Adult”females - |' 20,000,000 20,540,000 © 21,030,000 .
Females’ almost Z”f"2§‘2,540,000 | 2,540,000 B 2,600,000 R
Female calves bom 1. 8 656,0‘00 : 1 8 ggo ;000 8 90('),00‘9.' - .

This table is a population model for :he female buffalo. . It showd -
. how the number Of adéit female buffalo grows. each year ‘because the number\
dying is lower than the ‘number reaching adulthood If we continue the
table farther, we find ‘that the population continues to grow 1ndefinitely.
we can now ask the original queetion with which we started this
seetion, How many adult females can we allow harvested éach year to

' .Still oaintain the populatidn constant? We now needda'téble ﬁlfh four
rqp;ﬂ-the last the number to oe killed each year. -He,essuoe that 1n

1830, the season starts after the calves are horn; so that the number

of calves in 1830 is the same as with no harvesting. Then the table

takas the following form:

. f 180 . - | ° 183 a2 -
: Adult ﬁeralesf vi 20,000,000 |
females almost 2 2,540,000 .
"Female calves born -'S?éG0,00b
Females harvested ‘ (£) - ’

What do we enter in (f)?

»

If the adult population in 1831 is to be comstant at 20,000,000,
we can harvest 540,000 in 1830. (With no harvesting, the adalt popula-
tion would grow by 540,000, as shown in the preceding table). Thus, lf
v ‘entry (f) is 540 000, all entries for 1831 are exactly the same as for
1830 | | I '




1830 183 1832

ult females 20,000,000 20,000,000 120,000,000
' Females almost .2 | 2,540,000 2,540,070 2,540,000
Female vcal\fe.s born | 8,460,000 8,460,000 | 8,460,000
Females harvested k ’ 540 000 . 5-40,000 540,000 -
v o, i " .

Each year we can harvest 540 000 adult female buffalo.‘ The adult
population stays constant at 20,000,000.. If we calculated a similar
table for males we would‘find we'can hafvest 860,000 adult males (a ’
lxyger figure because there are more males born) In total then, if
we can be sure the right proportion of males .and females are killed
we can harvest 1,400,000 buffalo a.year-—enough to provide-the entire
oeat suoply for 7 million peoole, -

The most important feature of the above population model is that 1t
permits us to see year—by-year what is happening. We can adjust each
year the number of buffalo harvested to obtain control over the popula—
tion.. For example, if there is a drought one year and 202 of the adult
popolation dies, the population dips. As soon as we tecognize this
decregse, we oaq_reduce the number harvested to allow the population to
build up again to 20,000,000 adult females. .

In other words, this is what is colleo a dynamic control model:
lt shows the yeot-by—yeor situation. We can try small changes in

L

harvesting or control policies and measure their effects on the popula-
-7 .

tion.. In this way, intelligent control is possible even when the birth )

and death rates are not accurately known, or when natural events such
as major weather changes can not bg anticipated.

« .

‘ a

. &
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. . . E
In ecé&bgy, the population table déveloped above is called a

resource manqgementlﬁodelz the quantitative information needed.to

develcp a policy for the management of a natural resource, here the

buffglé supply. ‘As we see in the next sectiqn; exactly the same kind.

-

of model is useful in predicting human popﬁlacion. ¥hen we study people,
we obviously afe not talking about the management of resourées, but

rather the prediction of future trends so that we can prépare'to'meet the

¢ . - K o - ! .
needs in energy, transportation, housing, education, and the like.

4. U.S, Pqpuiatién
Population“preﬁiétions for the United State; or for the ﬁérld‘ére _

a popular ﬁgstime in‘thé-press‘and magazines. The- fact that th;'wbrld

population 1is growing has begn of interest since the time‘when Malthus

foresew widespread starvation when populipidn exceeded the nuﬁbers-that

couldee fed. A favorite of predictors 1is tO‘lo;k ahéad to the year

2430 (or some such) when p20p1é will be standing five éeepon all avail-

‘able,land oﬁ the earéh,‘if the’ﬁgésent growté trate continues.1 {(Such a..

prediction isfclea;ly ridfculous; well before that ;ime there just wiii

not be space available to generate babies).

A much‘more realistic'p:pblem is to fry to predicf the population P

of the United States a few decades into the future, rather than centuries.

e -

1. The popularity of such wild prediéflons is partly the result of wide-
spread public ignorance about population problems. As just one instance,
60% of Americans.in a recent survey were unable to state the U.S.
population within S50aillion; 84% could not give the werld population
within one half billion. While such data may not, be very important,

they are indicative of the géner§1 lack of knowledge on many aspects

of population problems. ‘ ‘ ' : |

’ )




S , B
: Because of the inertia of the systém, reasonably accufate predictions
P should be pos‘sible. For. instance, most of the mothers froo now. until
the year ﬁOOU-aro already alive,fsoowe should be able to estimate the
“ nunber of b;bies likely to.be born dur}nk ‘the rest of .this centur}. If
there 1is no najor‘qar'or_catastrophe, thefdeaths likewise should be
reasonably prediotoble; ‘Let us see how we would develop sﬁoh a popula-
o . . | A A
l vt

case, we center our attention on
. .

tion model for the Umited States.
' Once again, as in the buffalo
femaleo ooly. And i}ain‘we divide the population by ageé, sioce the
likelihood oﬁ'womeo ﬁaving children depends on age. If we were ﬁ?&iﬁg
an accurate model we would use groups covering five years¥-that is,
females 0—4 5-9, 10-14 ‘and so on. In order to simplify alg modhl,
take larger age groups--every 15 years. Thus we are working wi&h

) .
females 0-14, 15-29, 30-44, and over. From the 1960 census,_we obtain

the followiné data: .Q ' ]
* 1960 1975 | 1990 | 2005 ° T
0-14 27,4 | o ‘
15-29 | 117 :
, g Female population
30-44 18.4 ' in millions
45 and over 1 26.4

.

- - -

1. The model that follows is based on tho article by Nathan Keyfitz,
"How Crowded Will We Become,” on pages 297-309 of the book: J. M,

Tanpr et al, 'Statistics: A Guide to the Unknown," Holden-Day, Inc.,
San FranciscoL.Calif., 1972. The’ paoerback book is an exciting and
impressive collection of articles indicating many applications of modern
statistics to problems of the real world.

7
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We will predict the populatfbn every 15 years through gké tgrnléf o N
the century. ) _;

The firs;,three'entries cqyer'ﬁ§-year'§ge spans. Ci;arly;‘the
population 15-29 is squriéingly small. .Ihis is the group born f;om :

1930 to 1945-~the depression and war years'when the birth rate was very

low. The group 0-14 were born during the "baby-hﬁom" post-war years

from 1945-1960, when this country reached an average of fouf;iSQ;iren
4 . ' | | | -
per family. Thus, the data for 1960 reflects the changes in p bite

'attituaes over the preceding half centu:y; as the desired family size

responded to economic and social forces.'® o } L
‘Xlelet us”suppose it is 1966 and we wigh ﬁd try to predict popula-
tion into the future, perhaps as far as the year 2005. We have detailed
data on the birth‘rateg and death rg}eé during the year i965...In other
wqfds, with regard to death rates, we know the SQafl percentage of gbmen
of each age who are liéély to die in a year. In the saﬁe way, we kn&w
what fraction of* women of each age will have a baby daughter during the

year,

From these data, we can calculate how to find the appropriate
-~

entries for the 1975-coiumn‘in.the above table--that is, the érediction '
of the population for the year 1975, Specificélly, éhe number 15;29
in 1975 is 0.9924 of the group O-iﬁ in 1560. In other words, 0.2
million of the females die during this 15 years as they age from 0-14
to 15-29. (In this table we have oﬁigted the populatioﬁ over 45 tq

| simplify our calculations. Instead of finding™the total populatiom,

LA
we will focus on the three youngest age groupés.

<
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1960 | - 1975 | 1990 | 2005 ‘
=13 27.4 -
15-29 | 17,1 [y 7.2
g A R

Similarly, the 30-44 group iﬁ 1975 1s 0.9826 of the.17.7 million
alive in 1960, or |

1960 | 1975 | 1990 2005 | r

0-14 .| 27.
15-29 | 17.7 27.2 I
30-44 18.4 17.4

Thus far, the table or model ié‘derived from ISégzcensus data and the

~million females 15-29 in 1975.

“death rates as measured in 1965. Since Phese death rates are mot- likely

to change much from 1960 to 1975, the estimates can be expected to be'

rather good. It is highly likely that there will be close to 27.2 }“
1

Now we must determine the population 0-14 i§.1975; these_are the

baby girls born during the 15 years. Again. we use data from the year

' N
1965: what fraction of women.at each age had baby girls during‘the

'yaar. We assume these same fractions will describe the births “rom 1960

' to 1975. From this information, we find that the number of girls still

1iving and 0-14 in 1975 will be the sum of three parts:
0.4271 x female poﬁulation 0-14 in 1960
0.8498 x females 15-29 in 1960

0.1273 x females 30-44 'in 1960 ’ .

=z \ A ,
1. It is also noteworthy that the death rates are quite small. If we

‘were modelling the male population, we could expect aopreciably more

deaths because of accidents, honicide, suicide, alcoholism, heart
attacks, and so forth. ' )
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‘The total of these three numbers gives*29.1 as the number for the 0-14

e

entry for 1975. 1In other words, if‘the birth rates oq\i965 truly des~
- e
‘cribe the 1960 to 1975 period we can anticipate 29.1 female girls under

. 15 in 1975. (Hence we assume women over 4% have a negligible nuober 7

of children). | S v o : _ ]

e

 "."' \ We can then calculate the 1990 coiumn'in‘the same way from the

' "dag;f for 1975.° From 1990, we can go on to 2005.- The complete tabhéej

,_then takes the form ' “. : ( . | "'
. . | _ $
. | 1960 1975 . 1990 2005 |
0-14 . 29.1 | 37.7° 44.1 - .

Female popula-

4
15-29 - 28. 37,

S <2 S B ol o
30-44 CL?.&) 28.4 -birth rate)

.

S8everal comments .should be made about this éoﬁulation model.

(a) The three entries in the 1960 column are census data<-in other
: o ‘oo , ‘ | —
wordsy facts. ‘
(b) The déhthfrates are not likely to change very much in the next

36 years. Consequently, the predictions depending only on death rates
~ are likely to be very good. Thus, we have confidence in those entries

circled ih the table.’ ‘ ) _' '

~

(c) The encries not cireled depend on birth r35§§ or the patterns
of humhn'bébavior. In the U.S., a trend to small or largé families seems

to sweep 1ike an epidemic across the country. If we had used’ lover

Y

birth rates of 1971 ‘instead of 1965 ésﬁa basis for predictién;'. e table

\
would have the form &\~

\

L ]

~~




o

1960 | 1975 1990 | 2005

k0-14 . 5.3 | ?1'6 33.3 ‘Female population”

'\
e in millions (based
25.1 | 31.2. on 1971 birth rate)

e
G

The circled entries ate unchanged; the other entries are reduced. By

A

2005, this table gives a.totalnébpulacion 21 million less than the pre-
ceding table” (over 40 million less if ve include males).

) Ihis.}ébt_commeut enphasizes that. the model predictions are depeud-
. ., , ' : ! .
efdt on human behavior which we can not hope to anticipate. The farther

into the futureuthat we try to predict, the more sensitive our model is

- f

to-these unknown factors. We can predict reasonably well 15 years into -

the future; we justidd not know wﬁat will happen 45 years‘auay (even 1if

. : . ] - ‘ . . .
no major war or depression or new- contraceptive iptroduces an’entirely

L]

unexpeeted fector).

S. Use of the Pouulation Model

The populetion model provides a basis for economic and educational

glanning. Becaus many years are required to educate professionals
(doctors, teachers, nurses, and so on), the nation should andlcipate

the needs in order to expand and contract educational programs. Other-

-

wise, we are likely to enceun;er the situation that in 1972 (for example)

there is a surplus ofgengineers. Freshman enrollmenc in engineering

falls and ceftain schools close. Five yeers later, the low output
. . 4

results in a severe shortage, starting salaries soar, and large numbers
7 : :

: &
of freshmen wre attracted. Five more years see a seriods over-supply.

This unstable, oscillatory situation grews more violent each cycle, with

. '
A . - \

s
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* large numbers of young pedple frustrated by the‘system.l

el . ’ : M :

~ ! N

*

In the patticniar case of-elementary school teachers, our model

of the last section shows clearly why the Bureau of Labor Statistics :
!

| recently predicted‘a‘pevere’surplus by 1980. 1In the 1a&t‘gf-le (based_‘

‘ofAelementary schools in the 1960's which resulted from the baby boom

on the 1971 race), the number of females 0-14 in 1975 1s slightly legs .

than in 1960; even the table ‘based on. 1985 births indicates only L

.climb from 27.4 million in 1960 to 29.1-in°1975. The rqpid expansion..

” -

[ Y

- . of the 1350's will be followed during the 1970"s by a static situation

‘.a; best. ‘Ihdeed in 1972 elementary school enrollment‘was only 35.9.

-

million, a halfAmiLlion‘less than in 1971. A reduction_in‘SO0,000_
studenﬁs means about 2,000 fewer teachets. It is not éurprising that

several states are sharply reducing tha number of edueation programs,
B

and " that the newspapers carry £requent stories of education g:gduates

migrating to AuStralia to find job opporguni;ies.,.

. Both the last two tallies indlcate, however, a rise in elementary-

‘ school enrollments by, 1990 (when the many girls born in the '50's have

F. . . @ ’ £

tecently had children) Thus; ‘the model gives a prediction of both ‘,

_Obviously careful economic and governmental planning requires much

‘analysis does indicate the princiﬁles from which suck,models can be

the peOple 1ikely to be. entering the jnh .market and the jobs available.

*

-7

-

more detailed models than yé have derived in the last'seétion, but our -

- . L

built. .

- e

1. Hedical education has consistently avcided thig_sort of wild oscilla—‘
"tion by stringent centrol over enrollment in spite of the frequent
criticism that medical schodls are unnecessarily small. '

_ . ' ‘ . 3 ‘ Y




~6. -Exvonential Growth : S

.

" The model based on 1965 birth rates is reproduced below. If we

“logk at the data in any one row, we find that population grows as shown

»

by'the:solid curve of Fig. 2-2. There is a rather steady, §mooth.grovth

“repreé;nted'by the dashed line; on top of this or added to it is an .

P

oscillating part. ~ - - )
g 1960 1975 1990 2005 o
. - ' I's
0-14 G1.D) M™.1 | 37.7 .| 4.1 Fepale population
- - : — “in millions : - -
15-29 (17.7) - (27.2) 28.9 37.5 (based on 1965
' —_—E _ birth rate) ,
.l
Female .
population - .
. 0-14 p
. ~ .
i 3 .‘1 ) |
. ? LI | : 7
- 1960. 1975 1990 2005 2020
e
Fig. 2-2 Population growth =~
The steady-growth part is a long-term tendency of popelation to
‘grow simply because people like to have mere than two children<per
couple. The oscillating part arises from the short-term changes in

public a:titudes toward family size--changes caused by war, depressionm,

and the like. Coe . :
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If our prediction is continued into the future, we find that the

*sh?rt-terd‘oscillatihg part eventually dies out. The prediction'follows _
T IR P ' -
" a simple, smooth growth.curve,lz Thi‘_§29°‘“ curve (the dashed line of

Fig. .2-2) indicatgg ﬂygflong—ﬁerm poﬁulation growth rate,
' If we study thiSjlong—térm grovth, we find that it cortesponds to

a ;gte of 1.3% per year. In other words, every year ‘the pdpdlation |
- N ’ .

increases by 1.3%Z. - v _ ' P

.

The situdtion is exhctly similar to- the géowth of a savings account

in a bank, witqhthe.ﬁnterest deposited'at the end of each year (in bank—.i

-

i

ing terms, the inférest.is,aompounded annually). If the interest rate
" 4s 5% and &é‘scaré with $1000,‘afte£ one year we have $1050. The next .

JQ ' year we recelve 5% of this total, or $52.50; pencé‘after two yearS'wn“
have"$1102'.'50. The dollar growfih the second ‘year is slightly larger v s

~‘than during the Eirst‘yeaf}?

Each yeaf tRe growth is 5% of the total at the beginning of that

year. If we plot the growth, we find a curye such as Fig. 2-3. The
- e/ ’ . : ¢

{ﬁgarger the value of che‘chrve, the moe the growth that year.

' Pt . Fig. 2-3
Savings PP L« B Compound
account Yt !  interest
v - - - l == ) ' & " ) } i
o E v i l ! : .
. 7‘_‘ ] . ‘ . ‘ . 1 . 1 .
| . 1 2 3 4, 5  year
——————e JESCUR. V. ‘

1. Actually, if women had children only at or near ‘age 25, the oscilda-
tory part of the prediction would fend to grow ig siza. We call such’a
system "unstable." The model is obviously of no value in predicting ,
population once we are so far in the future that the large oscillations
: cause violeat changes. Fortunately, in the case of human population
- .studies, women have babies over a wide age span. As- a result, oscilla-
. tions caused by the baby boom of .the 1950's tend to disappéar -gradudlly.
- t e . . .
, .
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The doubling rule . U A

JIn the case of the savings account, if we took t 5Mp8ntercest home

g

each year and kept it safel ' under the mattress, we would have $1000

in the bank and receive $50 each year. In 20 years,. we would have $1000

- .
‘ R [ 4

. under the mattress, our money would haye doubled.

-1f we invest the interest every year (that is, we obtain comgound
interest), each year the growth is slightly, larger than the year before.
Now how many years must pess before the money in the bank doubles? If
we do an exact calcularion using algebre, ve find the answer is‘lb 2

years.- Actually there is a simple rule which works for all compound-

interest problems (or population growth problems) It ‘states that

'The number of years to double is about 72 divided

~ by the percent growth per year.

In growth problems; this ruie is a very impertant and useful tool.
For example, if the, interest rate 1s 5%, we must walt about 72/5 or 14.4
years for the total to double. (We sald above the correct answer is &\

15’2 yearss; this difference demonstrates the typical accuracy of the

rule).

- If the U.S. population is growing by 1.3% each year, we can expect '

it to double in 72/1.3 or 55 yeers.l A population of 205 million in

1970 will become 41Q-million by the year 2025.

1. The correct answer is 54 years. Agein our rule works, since no
one is going to worry if we are one year off. The rule works well
as long as the interest rate is less than 202, o

T
1

&
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Another form of the doubling rule

The rule can also be stated in another useful way:

2l

She percent increase per yeer s about 72 divided o

by ‘the number of years to double.

If we knOW'that a certain growth situetion results in some quantity doubling
{

| in 18 years, we can immediately state that the annual growth rate is 72/18
o o ) o B
or 62 . : ' o - \\
In both forms of the doubling rule, we need not measure time in years, _
we can use any oonvenient 1ength'cf.time. ‘For instance, 1f a baby weighs
tvice its birth weight at nine weeks, the average weekly increase is then .

72/9 or 8Z. We could also.state: the weight noubies-in 63 days; hence

the growth rate is 72/63 or 1.1% per day.

H

Thus, the two doubling rules allow us to slide easily back and Eorth

between the two descriptions of growth the time to double and the perceat

increase each year or other unit of time.
, ; ‘ _
"Exponential growth

The particular type of growth considered it the above exempies is

- called exponential growvth. This term means that the quantity or size grows

by the same multipl}ing factor in each unit of time.

This is an extremely important concept in many different system studies.
‘In 1970 in Boston, one in every fine people were on nelfare., With.e
population of 700,000, this means 140,000 on welfafe.. If the growth 1s -
exponential for< the number on welfare and the rate is 6% gen year, 1971
should see an increase of 8,400 (to?a total of 148 400) | In 1972, the

‘increase is 8900, or 500 more than in 1971. VWhen the growth is exponential

the problem is not only continuously worse, but also the amount by which

- ot
o



. ' N e ’ ) . )
it grows continually increases. In general terms, the rate at which the ;

situation worsens grows directly as the severity of the problem. ?

In popular ‘'speech, we often describe such a situation as nadri

Runaway inf].atioo menas the dollars needed to buy a house, for e\:ample, |

grows erponentially. In Brazil a few years ago the 1uflationary rate was

© 20% per year. lu less than four years, the ‘cost ,of a house doubled. if

<

When growth is exponential, the danger is that the problem may get

l

away from us before we realize its seriousness. There is a classic '

!

-example of this in ecology. A man owns an estate on-which & pond is located.

e ¥ Te. H.,‘.._

He finds that the water surface is gradually being covered by ‘an, odorous

l.

plant growth. 'He notices that a square foot is coVered the first day, two

square feet the second day, and four square feet the third day. He decides

he will take corrective agtion when half the,surface is covered, by that

LY - .“:").-F. ’
time the problem.will be serious. ,i*
':_‘-., Unfortunately, by that time it is too late. The'growth-doubles each

o = ‘ y “ :
d %Consequently, when he moves int‘o action, he has only one day to
co%rect the situation. .

P~ 3 . 4 P

Sigmoid growth

N .

Actually exponential growth usually characterizes the early portions

- —— e et e teaas et —— M o — - e — [P “._ - _— .

ofqa phenomenon. The.énnual sales of the Kerox Corporation can grow exponen—t

tialiy during the company's early years, for example at,lS? per year or"

- \

dOubling every four years Obviously such growth can not continue in&ef-

-~

initelyv the Xerox sales can not exceed the U S. Gross Vational Product,
and the slowing of the growth rate will occur well Qifore that timé.
An actual growth curve tends to hsve the form of Fig. 2-4, known as

a sigmoid curve (sigmoid means shaped_like_the Greek letter sigma,

2

[
17
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. ' - -Fig. 2-4 Sigmoid \grawth'_' @,
. corresponding to s). The grewth is exponenti" up to the time 3 then
the rate of increase starts to slow, and fina¥ly- tﬁe\population or s&;e

. approaches a constant value (or a slowly increasing value)

Iq,any particular growth study, a crucial problem ia\éeciding where
s . ‘\\ A,
. we are with respect to £ Is the growth going to continue ei@pnentially,
« RS
- or will the growth shortly slow down? 1In most cases, the answer'xg\not .

at all apparent. For instance, in planning for new schools in a subéEQan
O "‘; WX

"town, the School Board has to anticipate when population growth will slpdﬁi

Obviously, At land availability is severely limited immigration will fall. :;ﬁ

But usually the immigration decrease precedes this t}me since as land - . $\‘k o
] \rf L
- becomes slightly scarcer, prices rise and the area is less attractive tii

because of crowding. The difficulty of the problem is proven by the suburbs ——;'fﬁ

. where elementary schools have been over-built.

7. Graphs of Exponential Grotvth

The United States is by far history's most efficient producer of
solid waste. With only 5% of the world's population, this country generates .
well over 50% of the total rubbish. The data from theepast 45 years are

‘ i
awvesome $ . | . ‘ s .
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/ 1926 50 million tons/yea¥

1940 TS
-~ 1950° 100
1962, 150

& -
! A » . 0
. _

We desire to‘plot these data in order to predict the problem n;agni.tud_e -
'1ikely by the year 2000 and also by 2050 |
First we might ask: Is this exponential growth? This .equivslen;
to the quest:ion. Do tha given‘data rep::esent a oonstant per en::age increase .
per year? The numbers above do seemé to be close to exponential growth._
The total doubles from 50 to 100 in 24 years, later it doubles frbm 75 to
'15Q in 22 years. It multiplies by 1.5 in 14 years (1926-1940) then in
12 yeers (1950—1962) While the growth rate may be increasing slightly,
probably exponential grOwth is a reasonable assumption. There is no point
in worryin’g too‘ much about small errors, since the above data are certainly
.just roug‘h estimates. o | >
Ve want to plot a grapﬂ showing the snnual solid waste as it varles.

with t.he yesr.  We first select our scales (Fig. 2—5)( Since we want: to

. predict to the year 2050, the ‘norizontsl scale is chosen to carry the graph
‘ f (' ﬁ TN
, 400¢ -
S
3007 ‘ . . ‘
Million tons a o 3 ) : A
per year 2001 - ’
#0]
A — PR —
N 1926 1940 1960 1980 2000 2020 2040

» Year- . - .

b o ‘;\ ‘ : Fig. 2-5 Scales for the graph
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i this far. The smelieet value is 50 in 1926; on the vertical scale we .
represeettthis by a smell distance. e
Now we are ready to. plot.: The’ given data are first entered and a
solid line is drawn approximately through these points (Fig. 2-6) IE
the doubling time is 22 years, prediction points can be determined"

1984 - (1962 + 22 years) - 300 million tons/year
2006 o | 600 -
~ 2028 ¢+ - : 1200
*. 2050 - . _ 2400 , .
A dashed %&ne-in Fig. 2-6 is drawn to indicate the prediction into the
. - , , .

future.
400 1
. 300 1

M{llion tons
per year 200 T

100 1

4 . , 4

1926 1940 1960 = 1980 2000 2020 2040
' © Year

&

f ) . Fig; 2—6¢JSolid waste prediction

Unfortunately, before the year 2000 the graph goes off the scale.
The exponential growth is so rapid, we would aetually need a graph nine ;
inches high to show the value by 2050. In arder to bring the value at .
2050 onto the paper* we would have to contrdet the vertital scale so much
that the curve from 1926 to 1950 would almost lie on the zero line.

These graphing difficulties alwvays arise with exponential growth. They

can be avoided by using a distorted or nonlinear vergical scale. Instead

of eath'diéision vertically cerresponding to a fixed number of tons/xeat,
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. 800- ' . : . ‘ ) . .
. Million tons , : . : d . ¢

per year 400 + ' . -

J200) . S

% .

100 +

50 $ ) —+- t -+ f . -
1926 . 1940 - 1960 1980 - 2000 2020 - 2040 - °°
- Year ) oy

‘Fig. 2-7 Vertical scale for an improved plot

we make each division represent the same factor of growth. In,other

‘words; we label the vertical scale as-shown in Fig. 2-7. The minimum

value of ihteregt'is 50, so we choose this at the bottom. One division
. ‘ ° : * o

kup corresponds. to a doubling o 100; a second division doubles again to

00, and so onm. Each vertical division ‘need not represent doublingy
o o _ | e
multiplication by any constant factor can be used.

-,

4 -
Once the scales are fixed, the ‘given data points can be inserteda

With this typé of vertical scale,-the gravh is a straight line. This is

. .

. Just what is meant By exponential growth. ‘The years horizontally required . *

* . ot

for the curve to move upward one division are the same.everywhere since -

each upward division corresponds- to multiplicaﬁibn by the same factor. _

| -Thus, eiﬁonpntial growvth is represeﬁted«by-a straight line when we
use this distorted vérticaf\séale, called a "logarithmic scale." Such a
1ogafithmic plot allows us to answer the question originally posed: .Do * N

the given déta‘correspond to exponential grpﬁth? '1f these.daga fall ona "
el *

sy
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straight line on such a plot, they do indeed represent exponential growth.'

P w0t -

1 1600+ i ‘ ' . . -

\\ Million tons 800 ‘ ,zf

f
1

per year T . VT ~

\

wol | _
2007 _‘ -~

100+ .

50 3¢ PR— } ¢ { - ¢
1926 1940 1960 . 1980 2000 2020 2040
A Year . .

* Fig. 2-8 Straight—iine plot of solid waste generated
(logarithmic vertical scale) - ' .

.Furthermore,‘with tﬁis type‘of plbﬁ, prediction ig trivial. We need
only extend:the solid line with a straigﬂt edg;_(Fig. 2-8)., The figure
shows that the predikfion gives abput 2500 million tons/year in 2050, 500
million tons/year in-2600.q§§? I .

Graphs of the type described above (i.é., logarithmic plots) aépear

®

fgequentiy i\ newspapers, magazines, and other media.L The two advantages ~—

~are that one graph can show an enormous range of variation of the'quaﬁtiéy

o o
being plotted, and that a straight line represents the exponential growth

which is so‘véry common in describing social, environmental, and economic

gignals. ///

%. Such graphs and predictions are normally not used for precision work,
since the data just are not that good. We should poinﬁ‘out that the
vertical scale is distorted. Thus, 800 is one division above 400 and is

" 2 times 400. One half division up would be V2 times 400, not halfway

between 400 and 800. If one vertical division corresponded to multiplying
by 3, one half division would meaf cultiplication by Y3 or 1.7.

L]
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8. _Possibility of PoPulation Control

i

In 1972, the nunber of children pe: family ia the Uniced.Statea

T

dropped below 2.1 -- the level neezed to establish a constant populacion

on a lgng-temm basis.

In spite of this, the inertia of the system means

that the population will continue to increase at an averase rate-of O. 72

per year until the end of the century, and 300 million population will

be reached by 2021.
N

After this,:the levelling aff will occur. -

1f social economie, and attitudinal changes occur after 1973 and

we return to a norm of 3 children per family, the population will reach

300,million by 1996, and 4§Q million by 2014.

Thus, any rational estimate . .

]

of future population to the end of thik’ century simply has to be based dn

-

"4 guess as to the veproductive ‘habits of the pedple. Here past history

(Fig. 2—9)is not very comforting, as ‘the reproductive rate has varied from

a high of 4 CPF in the late 1950's to 2.

There is no 1og!€al : Lo

1 in 1972.

basis to estimate with confidence what this rate will do over the coming

;
h

Fig. 2
decades

—9 Childred per 'U.S.

”d%gade. .
\ o v g R .
Chtldren | oy
* per family | | 4 N
(CPF) e ; i S .
/N_ - : | ‘ .
;L 2-1‘ ' . ) . . - . oo T
. ' N l . .
: S | 4
1950 ° 1960 1970 Year T,
. - ‘ .
-~ { - a )

family over last two'

2 3

; ] ' LN
Regardless of, the changes in the next deeade in the CPF, the inertia

will cause continued population growth as noted above.

To achieve zero
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.
D
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«
population growth immediately, we would have »to have one CPF this entire °

generation, 2 CPY in the next generation, and then 3 CPF in. the next (to

- ¢

compensate for the.low birth rate in the current generation). Even thet.

most ardent advocates of zero population érowth can not seriously argue

for the federal and social constraints which would be necessary’ té6 ensure

" such an odd reproductive pattern.' ‘ : ‘

* .
s ! s

Consequently, this country must‘plan to adjust for at least several £

-~ “decades to population growth. During the nert two decades, we can anticipate

. ~

" . 1970's 1930'sn/ '
New househokj\slyear o o 175}?\\ 1.5M~> 1. I N
Increase in labor foree/year | 3.5M 2 SM ' ‘ :
Percent living {n cities. 60% ~> 707 7ox’~é 78% '

s .
.

fecagse of éuch impacts, a national population poliey‘must be developedn

i
If there is a national decision to attempt to limit population growthl

-~

‘the question that immediately arises is: " How ean control be aehieved?

-

What are the alternativesl . | T o " a

. Ia order tz:zngﬁer ‘this question, the Commlssion on Population Growth
and the Americam\Future attempted to look in depth at the varicus fadtors
which contribute to growth. From such a study, a relatively small nunber

4

. of tolerahle alternativea gear uhich we disguss in the remainder of

-

this section. : . .
/x" " Immigration ' . | \ : | ’
2N f Does immigration contribute significantly to U.s. p:pulation growth?
|3 -

“

‘Yes, even under the restrictive laws fiow in effeot.

More than 1000 perle per da%:si the net flow into the United Statei\\N

or approrimately 400, 000 per year: This eompares‘to_lO,DOO bables borm.

, . . o . -~

=

@)
N
P
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'daily, ‘and 5000 deaths. Hence, itmnigration accounts for 202’.®p£ the annual

A

population growth in the gerly 1970 s.1‘ Two thirds of the immigrants

A Y

settle in only six states (New. York, California, New Jerscy, Illinois, | r

-

Texas, an d Massachusetts), so‘there is a particularly acute problem-in
.absorbing the immigrants into the socio-economic system in a few cities. (f
_ Thehimpact on population growtg is particularly pronounced because so

many of the immigrants are young adults just entering the child- bearing

-
- .

age.

R

The problem of controlling immigration hes been difficult in the

‘United States because so mifh of the population growth during the last 150

[
years has resulted from the open -door policy The first réstriction was .

impossd in 1882 when¥Chinese were excluded Abput 1900 general limita-

tiond were imposed on those with criminal or bad health records. 1926 v

-

saw the firsn general restriction with only two categories alloved to
immigrate: (1) Close relations of U.S. citirens and reEugees, (2) 150, 000
‘others each year,'selected by quota to maintain the existing ethnie dis-

'tributions in this country.
. ,® ‘
These rpgulations to hold the "status quo" lasted until 1965, when

*

. a major revision of the immigration laws removed emphasis on national

t

3

Al

t

]

origin and bssed_futpre decisions on:
(1) Family reunification,
¢ ) ,
(2) Political asylum,' . C s ‘ N

(3) Needed skills and professions.
- , ‘ ‘
This last category has resulted in the heavy in<flow of physicians, attracted

P

C ,
\, .

'1, This 400,000 annually is a net figure. -About 37,000 people per year

. emigrate from the United States, pridarily to Canada, Israel, and Austrslia.

b ) ~
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' / : . : . _ .
by the/high salaries (average $42 000) and exceptional clkinical and research,

facilitieshf (There are 7000 Filipino doctors in this country now, compared
to only 6000 Blacks) |

- An eﬂtirely diffetent category encompasses tHe" illggal immigrants.
Nobody really knows how many of these there are, In 1971 420,000 such
aliens were 1ocated and deported in contrast to only 71 000 in 1960, so

.presumably ‘the in-flow rate is of the same order of magnitude as the legal
-}

,immigranté. One'estimate 'is.that as many as two million aliens may now

be Iiving illegally in this country.

Eighty percent of the alicnd deported in 1971 were from Mexico. Im
most cases, these were itinerant farm workers ‘'willing to woq& for below-
minimum wages. ie recent years, an increasing percentage of{the illegal
iﬁoigrants h2ve been found in.the larger cities, id‘contrastitoﬁearlier
years whéh most stayed near. the point of entry. ' :‘ X

. Thys the immigretion,.botﬁ'legal-and illegal, constitute; 40% of the
annual popdlation growth of toe UnitedHStates. fIf immdgretion vere scut
offp,the‘United States wouid-now be oeil below the.re;roductive rate for.
long-term, zero oaoulation gtoyth. 'In the light of this situatioe, some
proponents of population‘cpntrol argue for both a‘significantrcut—beck
inulegal immigration and rigid la& edfofcement‘to dccrease 11legal entry.
Tﬁey‘emphasize the’uqemployment problems‘already existdng in this country
and the urban congestion.,

Io refute these arguments, people in favor of immigretion ooint out
that the immigrants in the past have made extremely imoortant contributions

to the development of this country. Further, for humanitarian reasons,

the United States should continue to be an asylum for political refugees,
- *é. .

192
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én& a land where-oppor;unity exists without regard to the ‘individual's

background. ‘_ e

Unwamteﬂ babies

If a reduced rate of population growth is a national goal one might

" ask if decreasing the number of unwanted 'babies could be significant.

Here the term "unwanted baby" referi to children not desired by the parents

before conception. According to the 1965 National Fertility Study, 20% of
. \
all babies fall into the unwanted‘category. One third of the married
, e ®
couples studied had at least one unwanted child. In terms of the number

of ciiildren the pargnts already had =
’ S%Z of the first children were unwanted

' BZ of the second ‘

217 of the thifd 1

32% of thé fourth |

45% of the fifth

50% of the sixth and higher™ ,
m— : , .

: A . L 4 ‘ .
" The 1970 National Fgrtility Study showed similar results, with the cleht

indfcation that -if unwanted births were excluded, the United States would
be wall bzlow the reproductive rate corresponding to an ultimate, zero
popuiation grQch.

LS

In urging a national effort to reduce the number of unwanted -births,

~ L

éﬁe majoricy report of the Commission on Population Growth and the Améri-
can Fnture argued for a variety of actions. The passage or the 1576
Faxfly Planning Service a&d Population Research Act was considered only
5 %£rst step.. The Commission stated that much more research is neceded

on cantraception; aqg edutatioral programg.must be*vastly expanded to
make faaily planning services ‘more widely available. Furthermore mahy

of the state laws on marriage , divorce, abortion, and contraception
L J . a

¥



‘should be changed.. The arguments are-made tﬁat advertising of contracep~-

tive devices shogld be allowed, and that phyedciens-should be legally
able to give advice to minors without parental conmsent. .
Other factors * T ) | L (/ )

5
Pa

Population growth can elso be slowed by. inq;eased Opportunities for

women to work. In nuch of Eastern Europe, where women have been heayi}y .

- . *

employed since World War II;‘Ehe birth rate has‘ﬂropped so low that - there
is widespreadfconcern. In several countries, national policy is, to

encourage additional children through all possible incentives and propagandew

The irth rdte can be’ ipflueneed somewhat through economic incentives,

ol

- and tax laws, although the system is generally inelestio - that is,

changes in the federal income tax rates, for example,_are unlikely to have

e .
-

' ~any real effect. . S
To what extent propaganda is effeative is \not cIear. ‘11;‘e sWyrp drop
in the CPF. (children per family) from 1959 to 1972 is generally attributed‘
to a varietyﬁbf causes: the birth eoﬁtrol pill, expansion of family
planning servicee, easing of abortion }awsgin sevéral states, women's
liberation and‘expao\aﬂ 5ob opportunities,néconemic condicfons -such as
the rise in unemployment about 1970 and publieity about the population
and en,aroﬁmcntal grcblc_s.‘ There seems. to be. no agreement on the rela-

' tiye sigﬁifieance of each of these factors. Even in the case of abortion—

law change, the fact that 400,0Q§/aboftions were performed last year in

-
L3

states where it was permit@gd at the will of Phe mother is still difficult
to interpret. How many of tlfdse abortions would have been done illegally?

How ﬁany of the pregnancies would not have occurred with stricter abortion
- .
< F .
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' laws? All that really is known is that the number of unwanted birchs

is certainly being reduced sharply if the shortage of babies availabla.

to adoption agencies 1s 'a valid indicatdr“

9. Final Comments ] S : . - .' ' A <

This chapter really ohly touches tlie surface of the subjact of popula~=
tion models. We owe an apology to tha experts in demography and populatiod

modelling for the superficial treatment of an exceadihgly difficuié tapis,

Perhaps even this brief coverage does indicate the complex nature of popula~

;;ontdynamics, with the importance not only of the agé distgibution of the
current population, but alse of public attitudes atid governméncal paliciéa.
The difficulty would be vastly greater if wé indludad'cdnsidétaﬁidﬁ
; of the geographical distribution of tﬁe u.S. populaﬁidn¢ Anyona who has
travelled thraughout the country rtecognizes that thera {s no shotﬁags Gf ‘
land. The lrotble. is thag most of the pqpu}ation lfves in the urban ageas.'
In 1983 60% of the people lived on farms or in villages; by 1970, only .
26% were rural and 69% lived in urban areds: (cities of &t least 50, 000

E

or areas eccnomically integrated with cities). q;ha parcennada was sVen -
higher in California (937) and the Northeast (802).. The 29 citles toddy
" of population more than one million will grow 4n number to 50 by the year.

2000, and there will ﬁé 12 metropolitan areas ‘the size of New York tdday.

The trouble with such urbanization arises both because of the con-~
current intensification of basic problems (environmental, transportation,
crime; and so on) and because the ci&y is nat ﬁhere‘people often want,

topliva. If people are’ asked for their choice of living environment,

they respond as follows: | ~4




Ovpen counttyl
Small- city
Hedium éICy
Large city

While che aversion to che large ci:y geems clear, it is not. claar

whether urban population density is gufficiently'high to cauga serious -

-

' effects on.the inhabitanr_s.1

12
33

28

27

Exps:;msnhu wilh &nxmalu, atarsdng -i:h tha

Percent living there now

.‘
*

£

Percent preferring thig

34
30
22
14 .

.

rats studied by Calhoun in 1962, have shown :hac gerious overcrowding

causes increased mortality axong the young, lnwer fsrtilicy, neglec: of

thé young by mothers, aggressiveness, sqmnambulism, sexual abar:ations,_

and other psychotic behavior.

over to a study of the modern city?

carefully designed, extengive social experimencs on peapla, thare {3 no-

t

answer to this questioﬁ.

fact that there is no clear evideuce :hat tdday g cltigs ara having similaf

¢

. effects on the residents.

1. One pictures New York Ctty as crowded. Actually the popula:ion density 1[
of 80,000 per square mile is far be¢low ancient Rome's figure of 225,000,
even though there were no high rise buildings at the time of cha Cadsard,

2. An interesting article with a Bibliégraphy is that by O.R. Galle et al,

Population Density and Pathology: What are the Relations for Man, Science,

April 7, 1972, pp.

23-30.
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‘Perhaps we can at leagt be amnfortéd by :he

Tb.what‘ex:ent can the%e results bo carried

Since it is nearly imposaible to do

*



~
-

. o ~ CHAPTER 3 v

DELIVERY OF HEALTH SERVICES

-,

The year is ZOAO;Ayaur granddaughter has just celebrated he;‘30tg
birthdey at an all-night_pert;i She faces a bleek prospect. Thece is
a rea; shortage of marriageable young men., In;eed, in the U.S5. as a whola,
there are 25% more women than men, with the difference almost entirely |

¢ .
over the age of 20. 'Both candidates for President are supporting 1egis—

lation allowing only young'malesAto immigrate.

t [

Fige 3-1 shows what has happened. As recently as. 1910, there were

© 6% more men than women. Theq the ratio started fell’ing dramatically. In

the 1970's, health experts became alarmee and studied.the causes. They

" ot ar
f

found that

(l) Young men {under 25) waere dying at a rapidly increasing rate

from auto eccidents, suicide, and murder. ¢ Auto accidents caused half the

deaths in the agcs 15-19.

¢

-

N 1‘05’
103 ,
, 101
- “Males per .
every 100 :
. females 39
97 .
95
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" Fig. 3f1‘ Ratio of men to women in the United States
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(2) 01d men were dying earlier and earlier from lung cancer, liver , e

disgease (related partly to alcoholism), and heart attacks. ‘
As an indication of the problem, the death rates among people 25 through

29 vere

White vomen " 71/100,000
White men © 167/100,000 - -
Non-white women N 201/190,d09 . | I B
Non-white men 455/100,000 | .

Even thbugh these data were widely puh}icized during the 1970 S and
1980'3, there was no real demand for puBTIt action to change the trends.

More and more women were following careers, and the lack of marriefﬂ/gas
=

not considered serious. Then in.fhe early years of the 21st century, the
counter-reaction to women's liberation set in, and the commen goal of
youngg omen was’ devoting full ~nergy to- the raising of a family.. Suddenly,

the shortage of men became painful. Safe driving laws were strictly . \d
) IS *

| “.enforced prohibition became the law of the land, smoking was banned in

all public placés, and severe tax penalties wvere imposed on any man over
30 éﬁo was unmarried for more than one year..

Unfortunately, in the year 2040-these measures have not been in effect

» A

- _
long enough to improve the situation. As so .often happens, public awareness

o =
ES

of a health problem followed.by many Qears the clearr§igne of the problem,

Public action didn't have any obvious gffect until decades later. During

o‘!

this long time delay, the problem became seriops.

1. Health Services
The high male death rate is just one indile;ion of the current

" health problem in the United States. .

{o
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"Every'U.S. President since Truman has affirmed the right ofrevegz

- - ‘ 5

Aperican to hfﬁh:quality health and mediecal services. "With the financial
and educatioﬁ&l.resources availahle in this country,'we might logically
guess that the health of the avé®age American watches or exceeds that’
feund in any'other country. Yet the few quantitative measures available
for the comparison Qf different countries usually place ghe United States’
well down in the list of the advanced nations in the vorld. |

What are the possible reasons for the.relatively poor health status
» . o o . - NS
of Americans? What positive steps might be taken to improve the situation?

What blocks or impedes such action? : S v . C .

&

The familia; lament we hear nowadays fe:‘ If we can send a man to
the moon within a dq‘ade why can't we demand the same success when we

focus equal energy on improving the health of the people (or indeed on “1
| L
» any other.problem)? There are, as we shall see, two parts to the answer:

(1) The-health/éroblcm is much more complex than ghe moon program.
" In the heélth problem, ve off® reekpo cther an experiment
is succea@ful or not. There is no simple way to measure how

healthy people are.

<

(2) In this country we have found it exceedingly difficult to focus
effedtively out national rdsources on a particular socio- technalog- :
ical problem. In any nationai_problem such as health, attempts
to use techhology~and to do intelligent planning run into politiéal,
social, and economic roadblocks. Also, there may be so'many
alternatives for possible action that it is impoésible to decide

‘what to do first——with the result, either nothing is done or the
' totalneffort is so spread out, no one area is funded enough to g

show‘real results,

- -

In the following pages, we want to look at the’ general nature of

’ the gealth problem, and then look at a few possible courses of governmental
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aetion (with the emphagis on the problems impeding progresS) From this
"case study"” there hopefully will emerge an appreciation of somé of the

alternatives both available today in the United States and politically

institutian. Professional sports h0pefully contribqge to mental hea}ghl\\
. ~ %

. _ - ' ' 2 .. H N
feasible with adequate public understanding and support. ‘
‘ . - o ’ N . L
2. 4¥he Health Services System o : \‘ . " " d ) «

, ’ /,r_ 3 :
" What do we include within thc health serviees system? The‘phyigcal .

L 4
and mental health of Americans is affected by almost evety system or

[ s

4
urban transportation perhaps causes mental strain, and solis waste disposal

influences the urban rat population which in turn affects health.

~

In order to unrk with a manageable system, we wﬁll arbitrarily exclude

\ - 3

| mental health and all environmental problems (such as air pwilntion) where

the relation to health is-not obvious. In particular, we includesJ‘ "/,

et . _L '\ ;

.8 /’

_Preventive health ‘care ) * n ‘ , I .y

Hospital care - - R : _ o »

s ’ A ’

;Care of the chronical’y 111 or the physically handicapped

LN

ﬂandling of diseases and epidemics

& -
- & . x

- - Nntrition R
- - ) . X . . P4

‘Another aspect, emergency medicellservice, is considered in éhapter 4.,

How large is the system for the delivery of health‘s;rvices in the -
‘ ” .

. . ' . Y .
‘United States? Our expenditures now total about 75 billion dollars per

%
-year, and the total is gtowing appreciably fasﬁer than the GNP, Health * ‘ ﬁ\ _

- 1is either our largest industry or close to it (this depends n wha we

call an industry).

During the decade of the 1960's, the change in certain costs in the

U.S. were as shown in Fig. 3-2; of the items depicted, the only one to.

rise more‘than hospital costs was the price of food dtems popular with
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the poor within our populat{on. The phenomenal rise in hospital costs

was the result of several parallel developments. First, wages rose

'sﬂarply, particularly as many hospital workers were broughé under mini-

-

mquwage laws for the firét time. Rapid g:pwtﬁ in various insurance

)

programs 1n£p§?sed administrative'papgr‘work and costly delays in hospitals

being paid. New technology, including computers and intensiye care

facilitiés, was expensive to purchase énd, pa%ticulafly, to maintain and

L -

operate. In this resﬁect, there was very little regional planning or .
. . £ . ‘ ’

. ingé;fhoqpital sha:ing;of_elaborate facilities; the staff of every héséi--

& -

tal wanted the capability for open-heart Surgery, even though most of the
fesdlt%pg facilities were grossly under—Qg}lized.

. . \ /v . R
of thg total ‘expenditures for health, 70% come from private sources,

-~

only 30% from governmental ggograms-~in sharp contrast to many of 'the
'gdvaﬁced countries of the world where the complete health care syétem is

nationalized.
-~

[ i . . .

3. Current Performance of the U.S. System

These expeqﬁitures of $§75 per ﬁerson per year in the U.S. are very
quﬁ higher tha; bther dcvefoﬁed coﬁssriés{ We mighh anticipate a health
level significantly better Chaﬁ‘thé o;het gdvancedAnaqions of the world. '
The data concerniné the health of the public are_nbt'very detailed or

complete; for example, we really don't know what percentage of our popu-

. lation between the ages of 40 and 50 are reasonably healthy most of the

time. We can estimate the prevalence of' certain diseases or body malfunc-

v ' - N - - ‘
tions, but these data are often subject to efror and, even taken together,

‘do not give é good‘piccure of "health. Even iﬁ‘such a scemingly simple

86
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“ aspect as the legally blind, estimates of the population renge from )
less than a'million to nearly three million.
The lack of trustwcrthy data appears,again and again in public
. . N
N ..discussicns; Within the last two years, tﬁexe have been repeated argu-
ments in.Congress'and in tce'news mecia about the.magnitude othhe hunger
problem in this country -- arguments made even moce confusing by un;hb-
\

. stantiatgﬁ public statements and occasional willfu distortion by news

media. -

There are, however, some data whichare carefully\ definéd throughout

“the world and which can betused to compare the U.S. with other countries.

-

Life, exgectencg_ . ' . . ‘ \ ‘ :

The individua%rborn in the United States in the year 190 could expect
to live 49.2 years; the child born in 1965 estimated his life xpectancy
as 70.2 years. Figure 3-3 shows hsw this change of more than 20 years

‘has occurredi’and Table 1 gives the,detfiled data sincg¢ 1930. The advantage

\

of seven‘years fcr fmmen compared to men, plus the fact that the wife is

typically three yeers younger than her husband explains the very large

number of .older widows in this country. The typical wife can expect to

+

outlive her husband by ten years. Clearlf, we should change our customs ' /

to urge young women to delay -their marriage until their late520's and

e

then to marry men in their early 20's,
Two aSpects of the life expectancy data are interesting.

€1) There has been a sharp 1evelling off of the growth in the 20

years since the early 1950's. In 1954, the aVW%S

only 70.2. 1In spite of the widely publicized medical .advances (artificial -

kidney machines and heart transplants) and the stream of new drugs, life

'exﬁectancy has not increased appreciably.

- |
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Fig. 2~3 United States life expectancy at birth; -

‘ : . White, .  Nonuhite

Year Total Male Female'! Male ~Female

. . R |
.1930 . 59-7 . 59., 63-5 ,5?-13 49&2
. 1935  61.7 61.0 . 65.0. - %51,3 55.2
" 1940 © 62.9 62,1 ~66.6  51.5 54.9

1945  65.9  64.4  69.5 56.1 59.6
51950£5 68.2 66,5 72.2 59.1  62.9
1955 69.5 = 67.3 -73.6 61.2 65.9
1960 697 67.4 T74.1 61.1 ,66.3

‘1965 70.2  67.6 74.7  6l.1 614
o . et Lﬁ . .
;.qule 1 Life expectancy in United States

-

.
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.expeetancy.. Indeed in the latter list, this country ranks below Greece

- the calculatiens are not too useful.

(2) During thesé‘tuo decades, the U.S. has dropped steadily in the .
world ranking of nations (Fig. 3-4). A complete listing of mations shows

that' dccording sto the indst recent data available from each country, the
( _

‘United States ranks 13th in female life etpectency, 31st in male life

and Yugoslgvia, wheré we QSually picture significant sanitation problems
Tablé 2 1is a startling list of areas outranking the United States.1

) Actually, life éxpectancy is a somevhat pooriy calculated figure

and as we mentioned above, only a rather crude indicator of health.

. Even the data have to be interpreted with carex Life etpectancy is RS

L]

determined each year from the death rates in-each age group during that .

¥

year. For example, for a baby born 1n 1971, we determine thes percentaga

-

of 75 y’é‘ar-old men who died during 1971 ; this is the probability of the

baby dying in his 7Sth‘year if he reaches 75. We do the same thing for

each year (74, 73, ;2, and so on down to zero): From these probabilities,
we can cdleulate his life expectancy, although the cMculation is not easy.
Thus, the life exéectancy of 'a baby-bern this year deﬁende on how

the older people are dying this year - rather than on a prediction of

. Q Y -
how the, elder people will be dying when he is one of them. - Consequently,
when there is a major inflqen;n epidemic- (1919 in Fig. 3 3), with many

b &

‘deaths among abnormally young people, the life expectancy drops sharply.
These data are not published until several yedrs later ‘and hence are of

interest only to® people who have already survived the epidenmic; cdnegquently,

g

T -

> ,

9
Y - ., —— - . .

1. we are, of course, comparing the U.S. primArily to dther developed

-nations, If we include the entire world's populaticn, this country looks | .
good: - In Gabon, Africa, for instance, male life expectancy }s ZSAyears,-
in India less than &2 o . ‘
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-r—"_\

Fig. 3—4 Life expectancy around the world
»(mot all countries are included
hin the range shown)
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Tableé 2

Sweden
Norway
® Netherlands

Icgland'f*"‘iAﬁ

Denmark

Israel
- Japan .
Ryuku Islands
‘Bulgaria
Canada -

Switzerland
East Germany
" UK
‘Malta
New Zealand
Ireland
Australia .
Yugoslavia
Belgium
France

West Germany
Greece
Czechoslavakia
Spain .
Italy :

Puerto Rico
USSR

Hungary

Poland

Hong Kong

USA s,

67,55 &

71.85
71.0

r} S
70.8 . °
70.7

69.5%
69.05 "
68.91
68.81
68.75

68.72
68.72

. 68.5
68.44

68.13
67.92
q7.74
67.73

67.6 .. 80
A ";‘-‘«.

T

67.46
67.33

67.24

67.14
67
67
66.85
66.74

66.6 .

1971 Ranking of countries by male life expectancy -

(based on latest available information).

These

data are taken from the "United Hations Statistical

Yeagbook, 1971."




Infant mortality

A second measure of a country's health is the’ infant mortality —
hn ' ' ' :
the fraction of babies who are born alive but who die during their first

year. This is in séme‘ways a more reliable index than 1life expectancy,
since in most advanced nation§ aécufgge and up-to-date §a£a are available.
Si;ce 1930, infant mortality in thi§ country has dr;pped.frbm 65 deaﬁ@g/lﬂﬂo
live bifths to less than 20, with tﬂe.sharpegt deéreasés‘during the 1930's

and 1940's (Fig. 3—5)

' .

In spite of " this marked improvement, during this period the United

States has fallen far down in the ranking of the nations with which we

¢

would expect to be compared (Fig. —6).

It is'particularly no;e#orthy that in-the U.S. the ptobability of
an infant dying during the first year is almost twice that in Noxway or
Sweden. (Sweden is the nat;on often éaken as the model for evaluating ‘
health delivery because of the generally high ranking in a1l 1ndiceé,

and the elaborate, nationalized system of health care).

4. Reasons for Poor U.S. Performance N I

For a nation which spends the most money per capita on health care
' .

" and in which the objective of the best possible health care for every

citizen is a non-political, national goal, these measures of U.S. . perform-

ance are stunningly disappointing. If these data do give a reasonably-

accurite indication of our health status, what reasons can be given?

-

1. We should emphasize that we are comnaring the U.S, with other developed
nations, not with the world as a whole. In Pakistan, for exaaple, the
infant mortality is 142/1000 (more than one in seven babies die during
their first year), and in Burma the rate is over 200/1000.

.

|
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Fig. 3-5 Infant and maternal - Fig. 3-6
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live births
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Finland
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Japan
Iceland
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Denmark

France
%yitzerland

New Zealand

Taiwan

UK

Canada
USA

Ranking of countries
in infant mortality
(from 'United
Nations Statist¥cal
Yeapypok, 1971")



_ As in all major, social problems, there is no simple explanation.
. ' £

A variety of factors have combined to lead to the overall results. In

this section, we will look at a few of the explanations which have. been

presented in recent years by politicians, health officials, and observers
) . .

of the health system.

(a) '"The total aumber of doctdrs is too small.”

£

The United States has about 325,000 practicing physicians (one for every
615 people). Sweden (our standard for comparison) has 10,000 physicians
for a population of eight million\ of one M.D. for every 800 people.
Thus, on the baﬁis of the Swedish standard, the U. S. has a surplus of
75,000 physicians. Actually Sweden recognizes it has a shortage of
doctors, and the currgnt cducatlonal program is designed to bring the
ratio to 1 doctor per 500 ﬁcople by 1980 -- or somewhat better than the
current U.S. situation. '
‘ Another measure of the adequacy of the supply of doctors is the
‘average nunbcr of visits to a physician per year by the citizens. In
Sweden, this is lcss than three visits per year; in the U.S. about five o
Visits .per, pgrsba'ber year.l
Thesc data would seem to indicate that there is no critical shortage
of doctors in this country, although-an apparent shortage may be created
by our tendency to use physicians too much. These figures wbrrj some
medical educators who foresee the possibility of an actual over- supply
. of physicians in anotﬁer decade as a consequence of the current expansion
of medical schools. . P 4 P
(b) '"The geographical.allocation of ph?siciau resources is inadequate;"

While we may have enough physicians to care for our population, they are

: - — : —~— -~ J ~

1. What constitutes a "visit" has to be defined here, particularly when
the patient is hospitalized, but the data for the two countries seem to
be comparable measures. The number seexs high, but it includes numerous
visits by chronically ill patients.
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improperly located, with certain segments of the population very well
cared for and other segments badly neglected.

the United Kingdom, a physician is forbidden to set up practice
in a geographical area vhich is already adequately served, and special
thentives are given him to locate in rural areas where there are acute
shortages of doctors. In the Soviet system, ‘both compulsion and financial
iXcentives are used in an attempt.to ensure a reasonably equitable geo-

" graphical distribution of doctdrs. In the United States, we historically
have assumed that normal economic laws'will éork; it is only in the last
few years that the federal government hag'dcveloped plaas to assist ‘
students through medical school, for example, if they agree’ to practice
in aréas short of physicians. o .

Throughout the United States, there are 134 countinss (total popula-
tion of about 1/2 million) which have notp cians, There are many more
counties where the ratio of population to doctors is far above the 615
national average, and often where the only practicing physicians are
approédling retirement..

(c) "The professional allocation of physician resources 1is
’ inappropriate.’- i

" The argupent is that there are too few general practitioners,‘too many
surgeons (as one example of a medical spacialty which is over- populated)
Medical studgnts tend to drif't steadily tohard research or specialization
as they move through the years of medical school. They are undoubtedly (
attracted by the .excitement .of work at the frontiers of medical knowledge,
as well as by higher salaries and prtstige. A

. The situation in surgery seems particularly serious. The most common
operation in the United States is still the tonsillectomy, in spite of
the fact that studies indicate the great majority of such operations .
afe,probably unnecessary. (In West Germany, the eppeﬁdectomy is the most
comnort for some unexplained reason; possibly this is an unstable system
in which students are taught to perform operations their teachers favor).
. The National Bureau of Economic Research maoe a small study to
jnvestidate the work load of sirgeons. In one city, they studied’ the

‘yearlong records of the 17 surgeons. In order to find a common measure

of work, they classified each operation in terms of HE's -- hernia .

.
.

" : . e -
~ ERIC : Do ‘ ) o
= . )
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. , equivalents, based on comparison with a simple, unilateral hernia opera-

t

" tion). Various types of surgery ranged from 0.2 HE to 12 HE's, with the
. evaluatioh including pre-‘and post—operative care. The past yeat's'work
for ‘each surgeon was then evaluated, and each doctor's work load was

¢

measured in HE's per week.

In-depth interviews with surgeons established that a normal, full .
work load would be 10 HE's per week. In other words, surgeons themselves.
estimated that. a, reasonably busy colleague could handle this mgch work
vhile providing excellent patient care and attending to ali anéd1llary
aspects of his profession. | | , :
The startllng résult of this study of one city was that : 1y one
' of the 17 surgeons exceeded the normal work load; he(averaged .3 HE's
per week. One other surgeon worked just under the ‘normal rate. The
others were far below, so far that the avcrage work load was only 3 HE's
per week. Surgeons were working at only 30% of normal capacity.
Obviously a study of one city is not necessarily indicative for the
nation, but the report of this research réflects a sentiment often
expressed in discussions of the state of health care in this country.
Since the federal government supports medical educatlon so heavily, there
is currently consideration of the possibility of using the fcrce of ‘that ‘
financial. support to urge medical schools to discourage those specializa— '
tions in which there secems_to be a surplus of professionals. - -
(d) "The health care of the non-white population is inadequate. “
The mal-allocations of physicians seem particularly to limit health care
for- the non-white of ‘the population, in bdth rural and central~city
areas., In one section of -the Bronx in New York City, for example, 25
years ago there were 25,000 residents (mostly imnigrant families) with
.only 10 practicing doctors (a poor ratio og Z,SOinéople/doctor). Today
the population is primarily Black and Puerto Régqn, numbe&s 50,000 and ‘
is seftved by two doctors —-- a ratio of 25,000/1. - Nationally, estimates
have been made tQat 30,000,000 people have access to medical care only ¢
in emergency opfacute situations.
Part of this difficulty arises from the facc that only about 2% of
the physigfgns in this country are Black, compared to 11.4% of the

a
- B " “
' t




- ' ‘. K
; populatf.on., Hedicine is an unusually sucgessful prqfession in attracting
“ity‘stﬁdents, with a 10‘ figure now realized. In spite of this

effort, the total percentage of minority professionals will

&

grn¢~od1y véry. slowly in the future just because of the low starting
Jpoint.," . . ) T .
A.more _poignant indicator of the problet of health care for minority
| groups is- provided by the life expectancy data of Table 1 amd the data on
infant mortality. In the latter case, the average for the non-white
population is nearly twice that for the total.l In terms of the mortality
“ rate of women in childbirth the U.S. ranks below 100 other fations, and

‘the non-white mother has a rate four times greater than the white,
'While the total.explanation of the high infant mortality among non- |
'vwhites is not/clear, it does seem apparent that a major element of the
probleg is that sizeable portions of this population are effectively
|separated fromv tm heiﬂ.th care system. Just” three years ago in N®w York

.City, as an example, about 40Z of the women delivering‘babies had not

seean aq'octor'durlng pregnancy. Presumably most of these qomenxkneg
they were expecting; they did not enter the health care system until it

was a fecessity. C, : A T

’

Why are these pej;le separated from the health care system?" Again
. ;:"‘ /

thére seem to: he‘Seve al social problems. Many people can not afford the

Pl

needed medical cafesand governmental programs are inadequate'to cover
| 4 e s

costs; they don't kniw how to obtain free health‘care; they may not know
- . /

“1. This situation 33 a major reason why infant mortality is worse in the

District of Columbfa than in any af the 50 states, even though D.C.
has the most physigians per population.
[
* A
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how to use the city transportation system to reach medical care; they
may have a deep fear of the health syé\g& and, finally, they may not

realtze the need for medical care.

In this section, we have looked at four ekplanacions for the apparently

. PGRF performance of the U.S. health deiivery system. Three of these seem‘

to be validi_ : . R | 'f?

(1) The poor gesgraphical” allocation or distribuﬁicn of the supply

of doctors. : >
' A

{2) The inappropriate professional allncation of physicians.

" (3) The separation of major seoments of the population from’the '
* . . . -

l.health care-syetem.

R
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¥ In addition to these obvious causes, there are other broad reasons. For

example, the population of the United‘States is a mixture\of racés;} as a .

/
result, childbirth (for example) often presents severe medical problems

because of the physical differences between mother and father.
/

S. Male Health * . | | P . o

One startling aspect of the life-expectancy data shown previously
is the relatively poor situatian for males in the United States. Figure-

3-4 indicates that the present life expectancy of infant girls is seven

™»
“ayears greater tkﬁn for boys. . In.gontrast, "in many of the comparable

i
nations, the female has only a small advantage over the male.

2

The disadvantaged status of males is a relatively recent phenomenon
. ~
4n this country as shown in Fig. 3-7. 1In 1931 the male/female ratio
P e

Varied'between 1 0 and 1 2 with-age, and there was\relatively little

diﬁference between the two life expectancies.
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Fig.. 3-7 Fraction of men 'dying compared to
women at various ages in 1901 and




Comparison with a country as similar to the U.S. as the United Kingdom

demonstrates that the high male, dying rate is an American phenomenon.

- -

Between the ages of 20 and 55, the male in the United States has a mgch
larger“prébaﬁility of dx}ng than in the.Unieed Kingdom, although after
66\§0Ehmales“and feméles are much less likely to die than in the UK
(one deﬁuces tﬁat he should nove arouné the world at each‘age'to find
-"fhe "best" place.to‘ﬂive). .
° There are many réaséns for this poor situation of Qaléb. A;cidengs,
suicides, and‘homicides account for & lérge fradtion of thé extra male‘.‘
éeaths."This fact is portrayed by a compérison of Figs. 3~7 and 3-85
in the latter case, the rates are shown af;er‘the.deaths due to\acéi&enté,'
»suicides, and homicides have been suBtracted. The obvious change is the °
dishppearancg of the large peak at age 20 -~ a peak therefore primarily
the result of these external}causes of déath. Actuallf, th; deaths frqm
extérp#l causgs should be increased by‘at least 107, éince some deaths
' \

~are listed offickally under other causes even though accidents may be

the origin of the problem. In this case, the male peék about age 20
. ‘ ‘ - . '

disappears ali E?gethéf;
. Cigarette smokinéfis gpproximately t;}ce @s common among maies as
.femaies (about halﬁkthe adu1§ males smoke). ﬁhile the relation bét$een
Embking and earlier death is not ciear, the best estimate of the ?ffegts
. of smoking is shown by the dashed line of Fig. 3-8. Tﬁfﬁ curve indicates
'thag the ratiq,male/female dying rates, still peaks around age 60 after
accidents} homicidgs, Suicides,'ahd smoking are removed.

-

, What other factors might account for the relatively poor life

(
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. Fig. 3-8 Fraction of men dying_qupared to women éftéf‘@ccidents,
homicides, and suicldes removed. 1967 modified curve
also removes effects of cigarette smoking
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. expectancy of U.S. males? While the answer is not known, the following

+
£

L f ] ‘
explqpations have been proposed.

(1) Males are exposed to more unfavorable environments, particularly
during working hgyrs. éer;ous air pollution andrhiéh noise levels, for
ekample, séem to be related to respiratory and.cafdiovasculgr problems,
respectively. ' ' . |

(2) The stresses of working iife'may'be harmful to health.

(3)- Alcohol-related problems ate‘diécussed {n detail in Chapter 4.
Of the 60,000 alcohol-caused deaths.in 1967, 42,3§q were male.

(4) Coffee has been linked to cancer of the ?ladder and, in recent
studies, to "heart" or cardibvascular/deaths. b

(5) Perhaps lOWFOO deaths per year are direétly related to illicit
\ : T :

AN
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drugs; many df these show up in the category of ébeidiﬁkf; suicides,
md’%omicj.des- ~~ T v ’ - v

o

Thﬁf’ a variety of factors particularly characteristic of the
‘Americanfzay ‘of life see? to combing to cause the poor life expectancy
of U.S. males; As Fig. 3-4 shows, ‘female life expectancy in<the U.S.
is cicse to the best in\the world while data for males places the U.S.
far down in an ofﬂering of nations. Fig -3=7 displays dramatically the °
rela iveiy poor status oﬁgeales; Fig. 3-8 is an attempt to determine a

- few of the causes for the deterioration since the beginning of this

cen tl.gr\y‘.‘_ | )

6. Central-City Iealth Preblems

{

]

4% . .o " S
>
14 bl - “we ]

" The Un&&ed'States frequently neglects&or at best under-emphasizes

the health ﬂ.pblems particularly important in ‘the central city. We hear

»

the complaint that drug addiction has only become a deep national concern

- B

since the "epidemic" has sprea&*te the suburbs.

. in,the early 1970's, lead.poisoning1 among centrel—city children

has been well publicﬂ?ed. Lead poisoning,is p;rticularly dangerous

because of the cumulative effect over the years; once deposited in the

body, the 1le " is not normally removed. "Excessive lead poisoning affecss
. the liver, kidhey, braiﬁ and centralgpervous system. Children exhibit
mental retardation and convulsions, coma, paralysis, blindness, and death.,

1971 estimates are that 400,000 children are seriously jpolsoned each
& Y ’

year,fBO 000,in New York City alone. Of these, 200 die, 800 become blfnd,
| L
and 3200 suffer permanent brain damage. Six percent eof Chicago children

-

1. Lead poisoning was the principal theme of tho June, 1971 issue of
Environme_j_magazine (Vol. 13, No. 5).




2 ‘lpw-income areas have been” fbund to suffer from 1ea9 poisonin St. 'Q' d
Enuis has 3600 children being treatedii H3alth professionals\&ave deduced . -

_ - that lead poisoning, even at a low level , may be a majcr %%ctor in the

7

- llack of achievement of many'central-city children.f e o o
e oo e ~ . -
. ' What is the source of the. lead’ For children there are two major '
© SR ’ N
; T}_es, paint anH gasoline with only the latter primarily affecting ' .
\ x‘ y 1 . a‘ ‘) . . . . { . li\ ‘ .
\ adults. ‘ ’ ‘ L b D p
Pﬁnt T‘ - L - * - < -

4 .. DMosthof the palnt used.before 1950 was lead—based.‘ In the apartment

‘houses and buildings where this pgint is now peeling off it serves as.

¢

-an éttractive 'candy” withxa taste 1ike lem?n drops. While eating lead

A PR

. 1s not an effectmve way to increaee body levels (since elmost all is

'excteted frem tHe body).}when this input is corbined with that taken in -

- ' .

through the lungs hlgh levcls can be achieved in even VEry young qhildren. ) ;
8‘ .
This seems like an easy probiem to solve -- all ve need to do is repaint ) B

+ - &

. oall buiiding interiors (and(accessihle exteriors) whlch'have not been .

’
- LAY - -

paiqted sinre 19%0° (ar better, yhich show 1eed based paint) On December- '

b4 ‘ .~

D 31 1970 Coneress passed the Ryanrkennedy Bill authorizing thirty

. million delravs for thi;:furpose, the bill wad sdgned on January 14,,19?1.‘ ‘;,'f ‘
2@ ] . o _ Uy .
- Lp the eneufhg moqths, very little hes happened. Uhy? ‘ v a o O

) \f“ v ) ‘ } . J» . | ‘ . . ‘j : .‘ ,

ap aun e o . . . . -

) ’ (¢ ’ ) :
¢ 71, It has recently beenlggscovered that the paint on- the corzion pencil - S
qften contains. enough' le to preésent a serious health hazard for the , s
*child who lfLes to chew the pencil. The Pencil Naker Assoc1a¢ien, repre- ‘ g‘ te

. _senting o conpdnies Hakdng most. of. the 'U.S.. pencils, has started a . ‘
,-progran test each oxggnization's paipt eve&y year. in an attempt to - R

i‘remove the problem befere any seriaus effects are found. . . . L e
K i. Je - . . S ‘ . ’b '

A

-




'To ajaderstand the inaction, we wust recognize that:thére are two

“sypes of bills Congress must pass to ensure a new federal program. Fir?t '

~

'comes an authqﬁizaticn'bill permitting the government to spené\(in this

case, 30 million dollars) for a particular program. Even after this bill

A is signed and becomes law ho maney can be spent. Nett must come an

ER .}

ppropriation bill, actually giving the\money\fo the agency or department».
which i§ to carry out the program. Only when this bill is also signed

can‘the-government actually start the pfogfam.u In the 'lead-paint program,

. oﬂly 2 qouple million dollars vere actuaLly épproprléted ‘ | T

‘ L

This two—blll §ystem can serva as somewhat of a means to deludé the

public. -Almember of Cong%esg ean vqte for a very 1arge authorization,‘
: L o LO . ' AO% : _ ,
\_ . . - . a - . -

then vote against any appropriBtion. 'Hle is then ea record as favoring

- the prégfam‘strengly, eVnn though he did vote againsr spedﬂing any,. money

(preptﬂably he can argue thrat he is then fiscally responsib ..and anxious

. e\ ‘

to kcep taxes 1ow) \‘

3
-

f Furthermore, beforé q.pragram actunlly starts,'th cutive dfficelf

fthe.President and his powerful Office of‘qanagement and §udget OMB)

5

must agree to freeing the money. In rare ‘cases, CongreSS“passes an

. appropriation for a Departpent.or.agency with'the stipulation in the lawgy )
‘ - ) - A . . . ] - 8 . s a
that a certain amount ofﬁmo%eyrmust be spent on 3 particular program, ~ '’
. ! «
"but usually thé Fresident and his staff are givena fréedom to spend within

1"

R £

the lxmlt of the appé;priation. S e ' - S
! ‘\ ' » m .
Thus 4n the lead pplnt‘pxogram, Congress authorized thlr;y millldn,
'ﬁhen zppropriated far less, The Executive then decided to p2§tpcne e
) . .. *
oY

" entirely” the start‘of the progtaﬁ until the next fiscal year. -Through

C . . . 3 § k N : SO :
-4 L . . : . .- Lo
o : - \ - | \‘B
§ L . : ' H M . . » - *
N * e . g P T o ‘
. . ” . e ., «
; .
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. 107 of 't'he Iaints tested had"exc.'essive le\ad content;' with some ranging

. 2 ' . . . R
. fo city air, and the firal third from the food”itself. The-average

*

this combination of Exécutive-Legislative interplay, there was no federaf
action for twolyears.1

Even 1f the federal proéram nad been fully-carried out, it éég dis-
covered in the summer nf'197l that the ;esults might not have been total
success. The New York City Bureau éf.Leangogﬁcning Contrxol, mbtivated
by the lead—poisoniqg death of a leopard at Statek‘lslan ank.decidéd
to tesﬁ commercially available paint (after~a three—yeanpause during
which no testing had been done -because in 1963 all painté.tcutcd vere

[

found to have less than the leé&l linit of 1%.lead).. It was found that
- . .

as high as 10. 82 (similar to'the Bovel. found in tha pre 1950 paints).
This situaticn emphasizes the necessity of continual monitoring of products

if federal programs Yire to be effectiver—N\\( ) L
= , . ; P

Lt ‘ » s .
Gasoline . _

The major source of lead pclsoning for most of the urban population

comes f rom the air.. One thitd ot the typical, uvgan adult's body lead

A . '. o . . . ‘?
comes from breathing city air, one thirdtf?g;\ijting city food equseda

Americanfnowlpn§ 1/4 nf the lead level correspond{ng to pcisoning, and .
. < P . . .
tha average city dweller possibly‘twice as much. By far thé'largesa 3

. A )

cont;ibutor to the 1ead in city air’ is the tetraethyl 1ead used in auto

gasolxne since ‘1923, Autos éistharge.SOO million pounds of 1e53 into. the

air each yegr In thq United Statg§. Unfortunately, almogt half of the
. v :

: : . , .
- [PV JU, . % ) » . ) ‘.
- '

‘1. The process of Eé@eral imﬁlenentation is'described in mqré detail in
the appendix of this chapter.’ ’ . : .

/¢ -

. .
P s _ . ¢
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8
lead entering the lungs is retained in the body.

¢

As a result of these facts, emphasis has been placed by envi}onment—

alists on encouraging pooftivelﬁ the use of unleaded gasoline in cars.

& , : :
- ew cars are being built by all manufacturers to operate properly on

-

und@ded gas, but the proposal to tax ‘leaded-gasoline to raise the price
to that of unleaded gas has not been passed by the Congréss. While publicity '
emgpasized the dangers of this pollution of the air envxronment it apparently

-was the opinion of the Congress that the public was not yet preparcd to Ray

—

§ the extra cost associated with the removal oﬂ the problem.

. -

Other urban problems

H

lLead’ poisoning is simply one example of those health problemsiwhich
are particulorly important in the cities, cven'ehough they are actually | °
ngtional problems. Other examples are sickle cell anemia (affectiné - '
primarily the Black populgrion), drug addiction (which only a foﬁ ;oais
ago was primaril& an urban ﬁroblém,'but now represents A_nacionwide epidemic),

. ' . N

alcoholism, and venereal iscase. R

In the last category, Fig. 329 shows the history of. reported cases of
gooorrhoa and syphilis in Rew York City, (Again, New York City is used as"
an app:op;iato example; the p;ésene urban growth rate will lead to, 12
cities the size of New’York today by the year 2000, so New York provides
an indication of the proBlems of the €uture). The graph shows the sharp

: : : ' ; \ —
"decredse in the decade after World War II resulting from the availability
of penicillin.and the strong<publicity‘campaign‘to educate the puﬁlic.
) . By 1955 wenereal - disease seemed to be pretty well‘under control. As

e . - ‘ .
so often happens, public intercst then diminished and public health

b

hgasures weradelaxed. -Since then, there has been a hearly steady rise-,
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fig. 3-9 Increase in go;;&rhea and syphilis .
in New York ‘City
. . v
until, in 1970, there were 37,000 ippo:ted cases of gonorrhea and 4,000
o P . ' . . .
of syphilis in New York City. Estimates are that at deast three times .
‘ . P : X - T . X
« this many people actually have the dighasgs, even though detection is ‘ -
‘ simple and, if the trouble.is caught early, cure i1s also a simple matter.
. L ) ' :
7. Nutrition ' . 7 .\' ' ‘
In-any study of the health of a natign or a large group of people,
| we'agways mustfwonder‘td what extent the nutritional standards‘and . »

customs are a Eacéor.l Certainly a cbmpgrison of the U.S: and Japan, for

. . : « , .
_ example, must take {REQ—EEEBﬁEEcthe_differenhes in general eatiurg habits

*
. . - ° '\
- - — .
- - [y .

' 1! Jean Mayer, Toﬁa:d a National Yutrition Policy, Sgiencg, April 21,
1972, Vol. 176, No. %032, pp.”237-241. This is an excelit_ picture
of the current status of the U.S. mutrition problem. F ssor Mayer,

.of Harvard University School of Public ﬁéalth, been a leader in
bringing this problem to thé attention of both government an?‘fhe publiec.

i -




&0 ,
in the two cofintries.

The evaluafion of nutritional effects on health is a difficult

field begause ck of scientific knowledge, resulting in part

from the difficulty of

®

rforming significant, experiments on people.
For example>\when worldwide st:

ation is discussed, we often hear that
the raal problem in india is.thellack of protein in the diea. ‘A basie
question is: what is the daily protein requirenant of an average'person
(protein provides the amino actds_geeded for growth and for maintaining
body tissues)? Even such a fundamental question has not been answered
scientifically. '

The first widely accepted'standard for protein need;!was published.

" about a hundred years ago by Prof. Lyon Playfai@ of the University of

Edinburgh. Merely by observi et"giﬁénﬂt sdelfare patients at

A .
and found it contained four ounces} *Since the, German wor§§fs'

healthy, he ‘concluded thig was the desirable level. Later, a'platogp,

of U.S. soldiers was given.a diet low in protein (around one ounce);
4 : -
they seemed to be healthy, so the required level was lowered.

.
b3

Thys, even today we do not know how much protein 1is required to
. » A L}
keep a man healthy. The difficulty of nutritional requirements has been
’ ‘ .
emphaé‘;id in the space program, where it will be important to know the

¢

needs ddring plriéds as long as six months. The problems are campounde&
not only by the difficulty of doing éontrolied experiments, but also by

¥

the variation in needs from individual to individual This variation:

N j

. c . ) : L
O ~ % [} C . .- . )
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: 81
& was demonstrated in the British progranm sto eliminate rickets by convincing
. & B

~mothers to give their children vitamig D. Once the program'was_successful,

. : \ ] ' ) - .
~-.supplement ("If a little it is good, more must be even better"), studies ) '
. - ‘ . fo)

-/ did show that® the desirable dosage had to be deﬁcrmined for the indiqidﬁﬁl

t

child, = - o ' e et d

In recent years, experiments on animals have suggested that nutrition

during the %re—natal period and the first two years of life detérmineé

~

v the ultimate brain development (specifically the Aumber of brain cells) —-

3
as well as other physical featugesJ such as the tendericy to obesity, the
cholesterol level the body considers nbrmgl, a?ﬁ SO on.

The significgnce of such scientific understanding is not clear. One’

physiclan friend of hor has estimated that as many as 1/4 or 1/3

- . . ) L .
. of the central-city, expectant wdmen he exemines are mdl-nourished to the
| N .

point of significant eff@nts on the child. Are sionifiaant numbers of

chijdren limited physiologically by the age of fwo in the mental and : .
~ . ‘ ] f\

ghysi al levels they can hope_to reach in.laﬁfr life? . .

There are three intnresting side issues 1if we accept the hypothesis . e

P

Lhat lnadequate nutrition (whatever that may mean) up éb age two rasults

N
in a significant limitation of brain development. First, does this dé!g ‘

:

! thaé a certgin fraction of the population can not be expected tg achieve.  ’ i T
hormal%y in échool? If so,bshould‘thc educational system ré&ogqise this’,
fggﬁ and design spe;ial.programs for this groupf ‘ !

'.Second, &he arguments‘over breastlv;rsus-bottle@feeding of Jinfants

" e




‘wo lume adequacy ‘of the mother's milk supply.' Perhaps a much more imporcant

~

factor is the nutritional consideration. how can the baby receive - the diet

-

“
which is best nutritionai}y? Obviously the question can not be answered

until scientists.can deternine in detail what actually constitutes a diet‘

P
e

. . |
hawe often enphasized the psychological effects on the baby and the : 1

|
‘of high quality. ~ AP ( | L L _

Third, the pre-natal nutritional process becormes very important. - , . s f

. ‘ ..
‘Nat too long ago, an~obstetrician urged his pregnant pat{ent,to make

great efforts to restrict severely her weight galn ‘during pregnancy -
.

guidance will be. based upon an understanding of the way the fetus is

often to as-little as the weight of the'child. Perhaps more sensible. - L ;_ ) -

nourished as it depends on the mother's’ diet.
o : - N . _ -
Questions such as these point out dramatically the far-reaching y

- | .o , _ } .
implications of new scientific knowledge in an area such as nutrition.
Even if we focus on adultSf the United States, in spite of its.

wealth has a sxgnificant fractAhn of the gopulation for which there

us Qutritional problems.. The- first major stu of

national nutrition™ nade in the 1930's, when it.was found that 1/3

-

alnourished, a large fraction partly because of the

4 P ¢

of the people were
- . . P“~. ) ‘t. )
Depression. This survey led directly to sych steps as the school.lunch ~ . IR

£

¢

program and thelenrichment of white bread yith B vitamins. ) ), ’

Subsequent studies in 1?!2, 1948, and 1955 showed an improving

-

effective educational

situation becausefoftbotﬁ economic changes and mord
programs. The 1965-6 survei, hpweven, brought t certaln adverse changes

5 !
primarily resulfing from the increased consum tlon of saturated fats,

salf, and sugar and t%e devalopment of fqod fads and a wide varfety of

-t

[

: - .
;. . e N . s




. ..

‘books urging odd diets.

\gy the time of the 1969 White House Conference oP Food Nutrition, S o

P

and Health the' wealth of the country had increased to the point where "‘ 1.‘; ' ﬂ

A

. only 162 of our spcndahle income wa& devoted to food (in contrast -to 3OZ
g in western Europe and 50% in the USSR) " Yet about 25,000 OOO.Americans

had an income too low to permit a reasonable«diet. Furthermore*_manyu

people consume in great quantities those foods which have a very low ,' I --];;*'
o e,

nutritional valuej such as candy, soft drink;> and crisp—fried snacks., e
Q}f, “e ‘National attempts to improve the ngtritional picture have’ coneentratﬁd :n.ﬂi}nt
S R
(l) School lunch program (now covering 8 million poor children) B 1’:,',115}J

(2) Food stamp program (over 10 million recipients) Y.
' ,‘ (3) Family‘iood assistance, involving food distributio (over 3 ‘; - 5";
million people) , . - | -~

In addition the White House Conference urged expanded programs of public .
s . L s

educatipn, improved labelling,and grading, intensified research panticu— -rf_“ L

larly ‘on the effects of additives, and federal prods to inorease food f
- ) >

enrichment and fortificatigg.h

-

. = . ‘ . R ““ v ’.’, o ’ P . .
In the general problem of nutritién, as in all-of the areas discussed.

in this book, the ultimate question is one of priorities. Within'a /

*

limited total budget, most .of which is specified from the outset for'

o on~going programs, the legislative and executive branches of governme'

‘ must select those problems which secem most urgent aad in which prog ss

i appears likely For example, the Food agd Drug Administration, with
/

‘dts- responsibility to monitor and control ‘the food processiag industry, R
r ., \

must compedi with othe;ﬁgovernmental agencies and programs for available .
'.'_,'q 1 . .




8- (N . |
funds, ence the“Sydget is established FDA necessarily has to restrict

-

its efforts to the mst pressing areas. While no -one vould argue with

»

;‘"_,_the i.mpottance of adequate ncmrishment fer every person, there are T ¥
- e : .

k always the\questions of what programs can be sacrif;eed to achieve success

here , and, ‘even Af money 1s made evailahle, how can e suceessful plan be

'4,' PN

\ designed and ﬁnplemented - ‘ I
R The difficult role oﬁ the FDA-is illustrated by the reeent Qistory :
| 1

- of the DES additive. ! DES (diebhylstilbestrol) ‘is P synthetic female sex

‘hormone which in tha 1950 s ras knevm to cause the gr:owth of female

"»breaets on a ma‘n, end in lth ast year to have led ‘to V\aginal can,cer in y

o '.‘yeung mmen who had been exposed/ to it as fetuses. DES is a knewn car=r s ' 7'{‘\.

B cinogen. wbich has been msed for somé ?éars tD .ﬁasten. the*fatteﬁﬂig% nf 5. . " ‘ f,

'cattle. L DT S O L

’ . .1_"

" Begause gg the difﬁiculty of measuring DES residues in beef and

‘unccrtainty as to whether there is'a —safe level below whic,h no harmful

4R »

'- ~e€~fects z;esult, the FDA has ellewed the use, aa p cattle feed additive. _ ___

For many years, ‘the DES was forbidden ‘during the two days before sleughter,
Nt *‘-m*&“&

this withdrawal periqd was then lengthene‘d to seven days‘ , At the beginning

._' ef 1973 I)ES was finallébanne& alto lvet,' r in the feed b‘ut still permitted _——

'." “v . A:\‘

. as n pellet pl'eeed‘ in the enimal's ‘ear. . . A T

The eonflict arises becagse the additive represents a jeving of

':'li'ebout- $90 miilion anm:ally for cattle—raisers. The arguent is based - o

s S . . ~ .
','séientifieally n the question ef whether there I a threshold level below o e
1. Sctence magazinei July 28, 1972 (335 337 August 11, 1972 soy; - T
' _August 18, 1972 (5,88-591) ‘ ' N ’ ,. R A a

e

R . - - .
. Al
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v_which;DES does no harm to human beings. Since this threshold is not
known  {or may not even exist) the opponents of DES argue that the ehem—
ical should be banned totally, even if the result is a rise in the cost

&
of beef to the eonsumer. . ' -

'8. Managdwent of Health Delivegx_ ST

In the preceding sections, we have looked at the Uu.s. health picture .
in an attempt . to begin to understand some of the reasons.f£or the“relatively
.poor sitﬁation in this country. From this very brief and 1imited study,

it seems appareant that a significant fraction oﬁ thQ'pbpulation does not - -

.

. have adequate< cess to the. health care system.. Furt ermore,'there is

too often no eoneer‘ national p ram to conqy specifiq.?roblems.,

“‘_While as ‘a nation we spen large amounts of money on. health there,is.

.\relatively little centralized logieal,planning of the camgaign“ against

* disease, malnutnifion, and ohyf‘eal disability.

-

N

fhere are two ways in‘whieh this absence of, logidal plapning is
apparent. ‘\One is id hospital use.‘ If one. examines the hospitals ?f\L
this c untry, he finds a wide range ' of erowdeaness -= in some lacations,
patients have to wait for months for. admission for rontinevtreatment, in

other areas, hospitaLs are not filled.

In the. crowded hospitals, there’;re,pany reasons for ‘the overload.

¢ L

In same eases, patients are kept for extfemely long periods of time

N ’ K

(sometimes because the déctor reeognizes that the patient s home environ-

h

‘ment is apt to harm recovery) Hospital management is often, less ‘than -

oo, B | B YRS L

| ' . -
‘
t + - ¢ T

iideale "

¢ .t

. L L
i",' There 1s often 1ittle coordination and planning among hospitals in

a region;fit ig-not unusual tp find a half dozen hospitals in one city

y
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o
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equipped to do:S;en-hear surgery even though some of them may do less
. J ) h ) {
than' one operation per wegk.
~

In quite a different aren, the effect of the lack of national

v

-plaﬂﬁ;hg appears. " All too often, we as a nation seem to be unable to

select national prioyities and then pursue these a2 successful conclusion._

For instance, bytl971 artificial kidney ﬁaéhines have become standard
[
for treatment of patients in whom the kidneys do not function properly.
' -
In many cases, regular use ‘of the kidney machine to "cleanse" the blood

« -

permits the patient s kidneys to recovek, although treatment often lasts
| | ¢ " | ‘
Yor years. | o | o \r3
i - . - : e . ‘
While there are attempts to develop a poxtable artificial kidney

. Y-

’ which-the patient can‘use at home, almost all treatment is now done in

Aa hospital.where the machine 1is sha:ed by a number of. patients. The cost
. -

per patient runs on the order of $20,000 per year, so the treatment 1is -
ardly trivial Unfortunately, the‘national supply of the machines is

severely limited and estimates have been made that 30,000 people/year\
- . L3 .
- "die because they are unable to obtain use of a machine. Many of these

people are in their productive years.

. ’ P

A national program .o purchase and operate machines for this group

-would cost perhaps $120 000 000 per year -- certainly’nﬁ)‘;n insignificant
' 3 4 .
amount, but gtill smdll compared to the total health expenditures. .Why |

has such a program not been adopted by 1973 (although one was approved
[ 4

) -
in the closing days o% the Congressional session in-1972)7 4h>
Bart of the difficulty certainly comes from the way ‘national priori~

ties are established A national program can be 1aunched by the President

'(as Kennedy - deeision to land men on the mo6n within a decade), but he
! ‘
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must solicit public support to ensure the appropriations by Congress.

One way todggig popular and political approval is to assemble a graup of

health and medical experts and hope they will endorse the program enthus=-

iastically. L ' ‘ _ 7 o o

-

Unfortunately, when a group of health authorities "is assembled and

they are asked what the nation should do 4f ‘an additional $120,000,000 s

¢ s

a year were‘available for health, there 1is rarelyiany agreement.' The *

heart specimlist emphaSires that his concern 1s our greatest killer:

4
the cancer specialist that- his area is the major public fear; the preven-—

.

tive medicine expert is concerned with the overall health benefixs from
an urban program and the(ophthalmologist points out that as a nation ve

have done very 1it€le to make life more productive and pleasant for the

D 3

two million blind citizens. | e Co . \
) N ' ‘ ‘
The\result all too o{ten is a small amount of support for each of '

vy
»

many different programs -- with none of them pushed hard enough to yield

N— Ny '}

significant results.'

In the health field, medical knowledge and teehnology are now at

‘the stage Jhere major progress can be made if this nation develops a -
-

“logical plan which encompasses education of the public on both health

and political ifsues, forcaful programs aimed atlspecific problems, and

'intelligent management of major elements of thethealth delivery system. '

\

Furthermore, in spite of - the:statistical measures showing the u.s.

J
: Fo be lagégng certain other aduaneed eountries, there are other data

*

- 9. Conclusiont ‘ ) . , o R ‘ L
- . R - S

- . £ .
which aig an impressive testimonial to American achievement. For example,_ "K
S - ' . RN
-, . . . . :
. ! ; /‘1} . ” . . . .t“,‘
. #, Ll S . 2 .
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in the United Kingdom, in spitefgf socialized medicine, dental care-is

depdorable: 302 of the Englishmen over the age of 30 have none of their

. | .
own teeth. In many aspects of health, the‘H“S- offers unparalleled care;
¢
the only real ptohIems are modifying the system so that a larger propot—
‘tion of the populatlon has access to' this care, and responding to the
{\ . t

changes tn health services needed by the'populatﬁ;n.

f N )
In this latter category, the siteetion is partlcularly critical vith

‘ Y

respect to one facet of the health problem whtfh.has not been mentioned

a

- . . -

in this chapter - thc senio:#;ktszen. The population over age 65 is

"“increasing rapldlg measured a total or as a percentage of the total -
(Fig. 3-10)" More than 3/4 of these seople suffer from chronic disease,
and the'group places very heabvy demands on,the system for both physical

. . ‘ ) ' : . .

and mental healtk services;

. .. . ‘ .
- . ‘- Y : . , , AUV
¢ . ’ ‘ . fa ’ ‘ T 20
' 4 '‘Population o .
, f. ) . .
« ) 4 15 | | r
; ) e Population-
10‘4 . ] over 65
, 4 4 (millions)
8 - + 10 R
‘Percent - 1. v
over 65 6 - -~
& <
- 4 Percentdge 45 ,
- - Iy " - .
2 da N . . . . .
L Ve -
. - r ) SRR DU DUBUANS SEPRNI SRR, S G
- 1900 1920 1940 © 1960 1980 Year -
/ . ' N ‘ ‘
’ A -
FRLER & -
Fig. 3-10 U.S. populatiorb over agc 65. (In under—developed
countries the percentage is 3-4; in ‘1963 in France
it was 125 because of widely varying age dnstribu-
" tions .resulting from .two world wais). "
;‘ ! o ) » v ' . . .
. ) O‘ . - 0 ¢ -,
. (O
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Even after a national polxc? has bee - agreed upon, putting that™ _ .

policy into practice may not.be a simple n tter. A ptﬂgfam is mot _ °

“ ‘i L]

o -

‘publieized and attractive.programs in which en gh funds just have nqt v

a 4 ¢ < L4

been spent -to give the effort any reasonable chahce of success. TN
- ~ . ¢ . ‘ ' ' “
¥ The spending of money on a particular progr is normali@r geceded

by = long series of steps spanning a ccuple of year . A brief‘ﬁescciption

b b

best intentions can’
¥ \ ’ t
be thwarted and also some,of” the technlques by which ﬁhe votinglpublic can

' s } . . &
’ * ‘ ‘ e

bé’misled. _ : ) t . '} .

of ‘thesa steps indicates the varigus ways in which t

-
-

Inx order to 51§;lify the discussion we will _dream up a partieurar
5 7 L] ‘s
program ~- the pxovision of free hearidg alds-and tape redorqed de}l} news—

¢ &

@spers for citizens who are.hard of heariné& The progran is ealled Sensqry

- - ¢

Orthotlesl and Nenspapers fer the Deagland~is knpwn by the aeronym SOVD

«r
i

(pronounced "sound") . £ is adnlnistered by HSWHA (Health Serviees and s

h)

Mental Health Admiuistration) of HEh (the Department of HEalth Pducation, :’

and Welfage). Honey is divided between'furnishino materials ro deaf

3 l
people ‘and research on new hearing ‘aifs and other’ innovations to assist
the Ward-of-hearing. : S
——————— l-‘.-—ﬂ-——___————_- LT - ) .
1 " Orthotics are: devices to supplemeqt the human ‘system, while prostheties
replace human parts. An artificial leg is e prosthetic device, a hearing

aid or eyeglasses is an Qrthotie davicer.

-

v

e
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Wq wish to trace the steps through thch‘geiiars are made avallable

o ) ! ‘ . ) .
and actuakly spent upder $OND. We. focus ‘on the‘qear from July 1, 1973' . .
througd‘June 30, 1974. The federal fiscal year starts July.1; the year

‘epding June 30, 1974 is,cailei Fiséei Year 1974, or FN'74. ‘

~

(1) ‘Spring 1972. ;Lhe men ruaning SO D prepare their estimate of the
B p . _,f" ¢ ) N

dollar needs for FY'74. The program is reviewed and plans-are‘mede for

.
-~

two'years. into the future. ,Thc outside advisory connittee, composed of | . .
. M . ¢ .
experts’ on educationfénd devices for the deaf w’!&s with SOVD personnel . oo

. ]

" . and has a series of meetings to advise on desirable programs. The SOVD
&

Y perSOnnel and thef?xbosses in HEY meet" with staff members of both OST and
oMB in the White House to é¢onsider_ the relative importance of SOND compared

‘ Y . .
to other governmente} programs. _ )

.

These two agencies, OST and OHB (the Offidh of Science and Technology,

*

‘and the Office of Wanagement ana Budget), are part of’ the large staff of

egvigors of the President. The 0ST, directed by the Prestdent's Sciente: . ;“

Advisor, is the principol source of information on scientific ‘and technoly o
' ¥ . ‘ P

ogical matters. The OST staff consists- of about 30 scientists and engineers,

each responsible for the total gover&mental program in one specific area. e -

F

The staff 1s advised by PSAC, the Presidedt’s Science Advisory Committee:

-
- ! \

: OMB, is one of the most influeatial groups' in the: executivb bramch s
, ' .

of the government, is we shall see in the following paragrapbs.‘ In broad = /°
terms, OMB is resgonsible fer the fischl- operation of the g?vernment._ A S/
Follo"ing the guidelines laid down by the President and his immediate ' //

[ ' /

8‘at;,i\risore, oMB puts‘togetheﬁ the budget each year, After the moneys are |/

. ,

appropriated, it controls expeﬁditures by %eleasing momey to the %arious' A/f

godernment agencies. 0MB consists.of a large staff of profesdionels,/eacn

. . -




. an txpert in one facet of Ehe federal program. N .
(2) Summer 1972 7 After the planning meetings of the spring, the '
K Ut

"~ FY'74 bdudget of Sdﬁg/is put together during the summer. From the discus-

~
sions, the leagers of SOVD have obtai ed a general idea of the\acceptable

size for the budget. If SOND is vio d as an important effort by the

3

Executive branch, for instance, a budget incrcase can be ‘considered’--

perhaps by as oioch as l252.

L]

Lo, Fall 1972. The SO3D budget is, coubined with other parts of HSMHA, - -
. i i ’
and then with the totgal picture for HEW. etni&ed documents are prepared
‘ »
to/describe the total HEW program with SOND merely one small part. The’

;

. I!Lﬁecretary frcquently discusscs ‘the total dcpartmental picture with

-

sident and White. House staff. ‘ ' . ’ ‘ }

3

- the
4l
(4) January 1973: In his Budget message-to the Congress, thq Prceident
‘ -
'+ presents ‘the tqtal federal budgct along with broad descriptions of the
’ 1 4
primary.&oals of the FY'74 . program. o3 prepares the detailed budget

By picture}byfeoencn for Eorwarding to thc Congrcss, and(elso a breakdown of
the budget by categqry. En the last document., the SOND program is part ) ‘
- ™S ! . . ) -
of p§alth services and also of bionedical rcsearch; the HSHHA efforts in -
N - . e, .

‘these‘dlrections are ¢ombined with those of  the Veterans_ Adninistrasion,
\ The National Instituses of Health, The Bureau of. Indian Affairs, .and so on, j

|
in- order to give a total picture of thg federal effort in health care. A

- & -

(5) Iaz 1973 Action nowgswitches te the Congress. lIn-bo\B the Housé

»

and Lhe Senate, there iséa committee thh responsibility for authorization

4
. bills for theé health efforts of HEW. - The first step through Congress is

- . \ -

thisfeothorizatcon (we éssupe SOND is not a new progran requiring new




. rz.d

legislation}:‘ Each committee holds -hearings on the authorization. ﬁenbers

of HEW staff (ineluding the dinectorésf SOVD) testifyﬂ as well as invited
\)

experts from outside the government, Unless the progyam is controversialp

E A |

':hese hearings in both the House and Senate are llkely to be reasonably /,
' “ .. N
friendly affairs. Usually, lennthy statements are read into, the recordf

{ ~
bjfore enly ome or two members]of the committee (Coneressmen and Senators Y
% . \ & N .
carry a fantastic work load and Just are physicallz_unable to attend any
[ . )
but the most important hearings aitd meetings)f
) an

L

(6) May 1973. An authorizatfon bill comes to the floor of the House. -;A
Often this authorization is for appreeiably more than the Pxesident s

budget, as the House committee adds to programSjit finds attractivg and .
. & . -

. 3

important. The House then approves.the authorizatlon after debate. This -

-~
3 .

is the ideal iime for,Congréssmen to go on voting record in favor of the
A ! : z = . .

prograns. This 1s only‘gn'anthorization\action; not‘aﬁ\épg;opriatien. No

money is actually being spent or even allocated. The-Hopse is«merely\ /2 )
‘saying that it is authorizing subsequent appropriationsrup to a eertain . .

. <

figure (say $20, ooo ,000) for down. The President only asked-for 10 mil,lion

in his budget Congress has not yet apptopriated anythin ; it 1s stating v .. «
a SN

that its future approptiatn&xvdll not exceed 20 million, et

Thus, when a Congressman runniﬂg Eer reeieetion cla ms he voted for -

H - . . )
‘the SOND progranm (while giving a speech at a school for the hard of heering) 'N

4

one must ask whether he- is referring to his.vote on the authorization or
i “ ®
. - [} -

on the aoprdpriation. Certaﬁn Coagressmen have voted for authotlzation,'

’ . . ¢

.

7then against any appropriation at all. E 7 ‘ .

. - -

From the House, the authorization goes to- the Semrate where, again
L Y

after hearings, a bill is passed. If’ the House and Senate bills differ,

L

. : ! ’ . . . »
, N . -

e -

2~ - . ' ! g
Iy ‘ . ' ‘
\ R L,

o,

L 3
/
»
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. ‘ . : L0 | W ‘ ' . f '
. a joint conference committee is established to develop a single, compromise

,‘§§measure, which is hEn passed and §ent to}the President. If he signs the
. h . ‘l - '- \

(7).Sunmer 1973. Before the authorization\Is done, a different House

]

with real dollars which Congress is assignincr to the Executive branch to be

¥

spent. The committee and House must take into account the total federal

budget picture and nust make difficult choices among alternativc programs,

<

€ach costing money. : . . ‘ !

A

Hence, the House ap@ropriation for SOSD is‘likef; to be wéll below

' the authoriaation - perhaps 12 million dollars (compared torthe 20 million

e

authﬂ?ization and the 10 million in the President’ s budoet) As indicated
. 1. T

-

above, at this stage we may even discover tﬁat the entire appropriation for

SOND is ‘killed, or that the funding is so0 small that the program hae no

- chance. to succeed. o ' “ < ’ b
s ‘ ‘ N S . .
Again;'after passage by the House (according’to the Constitution;

‘ -
all appropriation bills must originate in the House of Representatives),

The apprOpriation is ot completed until a single bif{ is approved by

. both houses, and signed by the President. If the -total appropriation for *
. \ Ve N . ' .

HEW is too difﬁerent from the budget proposal, the Pregident is likely

to veto; if ﬁengress does not over-ride, the entire appropriation process

- L. 1 «

has to start again. ' e e

of the fiscal year for which money, 1s béing previded.' In maiz c

N\ ; ;

4 committee starts consideration of the aoproorﬁation bill. Vow we are: dealing

the bill goes to ;he Senate where the same committee procedure is followed.;“




\ .

cut - SOND back to $8 million.

. Final’coﬁment.'

-

- : L4

approprietion is not made until the fall., 1If no action is taken by
Congressl all‘progs&qs terninate and staff gan not be paid. Consequently,

onde July l:passes, Congress usually pasigs a resolution which allows all

k]
such progréms tg continue spending at tée rate of the precedmn year until

- R [ ]

a fixed date in the fall or until the new appropriation is approved.
V .

(8) Fall 1973. We 3&E‘now into the FY'74 and Congress has imcloded

» ] e c ]
. $12 million for‘S?XD within the totel HEW appropriation. SOND still can

!

< not spendithe money,, howevex, until it is released by OB, acting for the

-

Executive. OWB may decide ta release ouly $2 million to cargy the progrpm

uqtil ~ovemer 1, by which time HEW should prdvmde)a detailed statement of

6

the iong term goﬁls for SOYD.‘.‘-f : e .
. ‘ . ) ¢
’Regardless of the particulqr procedures used for obtaining Executive

i

approval'of the aetugl use of the.money aypropriated, ZJB éan,determine

the amouot released it SOND for the year. ‘If OHB wishes, this may. be only

L .
if federal expendltures rise alarningly durlng the year, 0MB nay decide to

s r -

-
'\

‘Thus, the Lxecutlve branch (throug h 0:{B)- has .the final debermination

5} the level of Spendlng for's In raxe cases, Congress may inseras

".

-into the appropriation bill the requirement that no less than a specified
amount mudt be spent on a pdrticular,ﬁrogram. This form of congressional
. p ‘ g :
. . - . N . ‘ ‘ .
control over the executive powers is only used for very important programs

r‘iﬁ which there is. a history of sharp differences betveen the executive

r . / et . 2
and legislative branches. . , . T

-
-

‘ R .

Thezsihnificance'OE a program (such as our SOND example) depends most

strohgly on the funds aeruallxkepent. These in turn are detefmined oy‘a
s .

. ¢ ~ ,

- ‘ KGR VAN
- ¢ .

the $10 million oricinally requested in the President S budget, indeed v

L

~

-

\




- " 95

Y

-*

long sequence of decisions in both the eiecutive and legislative btranches --

-

»

decisions starting with the attitudes of higher officials in the home

Department (here HEW). If a significant expenditure increase is to be

Lobtaingd for SQND in FY* 74, the director and proponents mustjc@nvince:
.Hggher‘qfficials‘in HEH:‘ ; *
' P . A ¥ ¢
White'ﬁouse‘staff megbers, par;iquiarly in OMB | ' ;'-
.Mé;bcrsAof the four Congressional committeés~(twb in each chamﬁer) j
concerned with authorization and appropriation * . -

- There exists a long sequence of paints at which the total dollars

rgstoration of funds is increcasingly difficult as

_available can be cut;
Co ' » .

»

we move down this chain covering .twvo years in time.
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CHAPTEK & Te

_EMERGENCIES . :

. Accidents’, whether fatal‘cr sérious, have a strong 1mplic on the

quality of life .because they by defﬁnition.occur unexpectedly and chey d
g A
often affect yohng and healthy people. The mapner in/which a society

cares for: its acc1dent v1ctims is one mgasure of its technolagical sophis~
ticatxon, for the quality.of this care 1s' determined largely by the  w

resoqrccs'wﬁich the society4is willing to devote to}helping the unfortﬁnate s
ta . f‘ . ‘

mindrity. ‘This broad staté%q&:f}s even‘mdre appatént if we inclute the

physically énd'mentally handlcapped with the accident victims*, ” .
The magnltude of the accident problen in the United States is emphasized

by‘a comparison of 1900 and 1960: .
. ' ' 1900 - 1960 o
) ) . : , ' o . L.
Deaths per 100,000 > {“\\ S ' ' _ S
population, aﬁ% causes 1719 946 -
‘ Deaths by accident, per . ] , .
] 100 000 population Y T 72.3 51.9. ; B ¢
% of all deaths due'to . ] )
abcidents . 4.2 o S5¢3 © .
% of all deaths due to ', ) -
violence " . 1.4 1.5 .
)é“ 7 of all deaths in ground . : A . ¢
- transportation - A 0.8 2.4);] ~N o, )
While the number of accident-caused deaths has decreased, the chahge has °* ..

g C

been much'less than the drqp in»the death rate. In other words, accidents
\ . h e ¢ 2 . -
. .- - . )
constitute a much more important part of the total hedlth .scene today than
> : y : . f

they did in 19Q0.

™ The two boxed rows show the most impor&ant statistics. While accidents, °

L . \ .
P
.
»

. ' - 1 ‘_I‘ 1 (_ . . | - . - ,
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1 - J - . ,
as a cause of death, have increased from 4.2% to 5.5%, the particular

category of transportation accidents more than accounts for the change.

.
\
N . | ) .
~ . - .
- ! N ) . s .
) .

i
I

'f&z In 1900, transportation involved horses,'vehiéies, and failroads; the
! . . ‘ © i : .
_,autémobile was an.insignificant factor. In 1960, transportation (essentially

. jush motor vchicles)-accounted for 447 of all acéideﬁt déaths.l '

¢ o . . .

1: Automobile Accidents. = - > N . : _ .

-

More ‘than 50,000 deaths %and 450,000 serious injuries each year are
- 3 . .

"Eéused by automobile accidenﬁé, Meanwﬁ;;e, the number of motor vehicles

.~ . FE . . ! : . .
in use in the United Stat;;xzsntinuesAits rapid growth (Fig.-4-1), which

']

, | ( N - . | ‘
b o .120% o o SN
- Vehicles . | . - . - v
' . in use 1007 ;o ’
(millions) : .
{. 80 ¢ .
' * 60 -
' *‘______._.——
. 407 1/" - ‘f(f‘ﬁE corrected . &
- .
204 T
. ~———— ‘ | | ,
. 1 { : 1 1 L i L
1953 . 1957 1961 1965 1969
g ‘ Year . . ot
Fig. 4-1 Number of motor vehicles in use in theQﬁ.S. and ' ( :

corresponding data fer the United Kingdom (adjusted
to make total populations equal) ' :

. b
R T M ol — T " - 3 \
e " f

.

‘1. The accident problenm is almostas old as the autompbile. According to
. a famous anecdote, in 1892 there were only three.cars in the'United States.
Two of tMean were in St. Louis, where they were involved "in a serious , T
i collision. ‘

a

[ 73N »
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-

obviously will eventually level off after th;;k is slightly more than

-

one vehicle for every registered driver. ﬁﬁnqyestionably a najor cause
of these accidengs is the driver under the influence of alcohol; this

is such a serious_aﬁd'distiﬁct prob%fm, it is discﬁssed‘separately’in ' .

-

Sec. 4-3. In this section)/wglfocus on other ways of classifying the

causes of accidents. .
X ] 4 -

The fatalities in motor vehicle accidcnts are ofteq attributce.to

1

three separate-collisions:

4

(1) Collision of the vehicle with an ehicle or other object,

€2) Collision of the passenger with the vehicle in which he is.

riding, . _ B "o ‘ . . .
(3) Collision of the injured person with. the emergency medical care

system.‘ | ) - ’ - . \

The estimate has been made that abqut 1/3 of the deaths can bg attr}bhﬁéd%‘
to each of the three collisionsg. ‘

*

. -

Collision~one death§ are those causad by the ihitial, accident

+

contact -- the "instantaneous" death,’for example, from a car at high
- )

N p
speed striking an abutment. Collision-two deaths occur when the occupant

hits part of hisncar or isifhiown from his car. Collision-three deaths

aré, broddly, those which g¢ould bg\preiented if the firsty person at the

scene were a qualified phy%iciﬂn with adgquate emergedcy equipmeﬁtl ‘ )
Collision one L - “

, . . _ . o
.. Collision-one deaths can bg reduced by optimum design of the highway

!
/

, 5y . ‘
and trafffc-control system and by building extrepe reliability and maneuver-

-

ability into the vehicle. The inté}state Eighway systen has been one of

. -

‘the most important factors in reducing the,acéiaeﬁt rate per vehicle mile

4
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over the past 15 years. The divided highways and limited-access roads

. ‘- t
Vo

S . {

minimize the opportunities for two-vehicle ccliifﬁcnb. Actually, the /7

: AN ‘ ' |

key ccncept of a one-way street was introduced in 176011in the ne@rhooa . .
L _ Py \

of Wew York's. John Street Theat&r, where - "trafflc was hopelessi§ 'snathed
‘ <

.at the beginning and end of pegformances. The one—way streets, which .

-

4

have become comzon 1n ‘the last two decades within most of the major cities, - \

_not only exgndlte trafflc flow, but also reduce dramatlcally the accident

. _ . il o
. . v e .

rate.} N ' . ‘ - .-

Furtheymere, the new superhighways- are being buxlt with vastLy more

t
« ¢

attention to\gnaliCy cngincering,.eXpressed in such terms as low—skid K -

b

surfaces on treacherous locaticns,‘change in surfacc off tﬁe’edge of the '
. /) , . ) ¢
paveman 50 that the drowsy motorist is alerted if the car veers, and

road curvature and scenery changc designed to g;duce monotony Coupled ) .
; o . ¢

with such construction. developments, there is a raprdly increasing use

Q

of modern\tommunications equipment to alert tha motérist to gatential
. 4‘ .,,:

problems ahead. The Califofhia nghWay Deparument has uired 42 miles of

- ¢

’
freeways with sensors embedded in the roadwax,to‘measnre traﬁfic density
. 4 . ) », . |’ . P . g ot

‘ . ) ) . .« ! ) .
and speedu Comparison with computer-stofed records typical for the time -
. { s : [ h . . v
M”ﬂ—'——_-——-—-_———‘ 1 ‘ §“‘ .‘ . ) ? ' .

¢ : (. i

‘1. In the U.S., driving on the right side deriVes fron the use of oxen and \
horse tcams that operfed the West. The leftefrbnt anjnal was always. the o
leader. Vhen two tmains met, the drivers d&smounted and hand ~led the

teams past oze another.

i
’

rosé’a thousa1d yeqﬁs‘aéo wvhen reins X

were"held in the left hand, b/ that thé\right hgad would be free to wield

a swdrd against attacking hlghxpymen. result is the drivxno difficulty

~ today when an Engli:ﬁman v151ts épe'P .8, or ‘nmerxcnn reunts, a car in ,
England ‘ o , .

In Lnﬂland dr1v1qg on' theg def




> i g .y h‘ . ‘ : ':
Y . : T, ‘ o
. ' ¥ 4 ' _ . : ' .
of day and weathﬁﬁn on itions indicates very rapidly any unusual tie-ups. ,
~ ‘o

Waming signs can be. flashea to approaching motorists One hope here is I

. * -
to awoid the chﬁip—reaction‘accidqpts {n whidéh scores of cars pile up

o ¢ .° Py . o :

.

«. ¢ .A -“ N . ' . -
after an initial Blockage of the road. . o oo,

- S Az -

Other developments in ﬁighway improvement ‘rangé over greatly improved
N N
lfghting and‘more carefully designed signs. In the latter eategory, the

U.S. is now converting from word signs to the otandard picture signs .
o : ) L ' \ o

common throughout Europe (where ‘the variety of languages was an early
‘ 2. vﬁ

)
incentive Eor the changed. During the five-year. eonversion period (starting .

¢ -

in 1972, the ?/st important picture signs will be acconpanied by the older

. e \‘}_‘ .
word 51gns to allow a gradual education of the, notorist. '

In 1970 the federal Department of Transportation contractod'?or the .
design and-development of ! experimental safety vehicles' —-ecars in which.
an attempt was made to look into the future;and see what novel éafety‘ )
featorés cquld oe included in a passenger car. :The tnree goals were '
o

inareased ability to avoid accxdents, reduoed damage to the vehiele

.

v
an accident, and improved protectlon of the ogccupant (in other words,

.

reduction of fatalities in poth Collisions one‘gnd two) .
3

“In addition to. these major progré&é, research is\currently underway‘
s ! *

on a variety of speeific developments. A periscope is bBing sthdied to \
inprove rear vision: the problems ar® the cost of a large mirror over . Y i
v

the roof and, above all, the weakening of the roof by the oponing which

-;‘v1brdtdr is available on

brings the visual image down to the driver.

i
the steering wheel to. warm passengers when auhio ‘Aor siren is soundod

nearby -- a device useful not only for the driver who hasgpoor hearing,

but also for the motorist with his w:ndogs closed and airvconditioner and

13
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, N ) . . T
] - 3 - - ' . . b - l. ' g .' 101 )
radio onagsgpe probiem be§$ 18 Strictly technological" how to build a ' -~ )
T device whieh always recognizes A siren but ‘does not reepong to similar '.. T ' g
squnds whith may appeat from other sourcese oo B f R ' t ‘:

. In spite dE these aéyences, the safety problem is increasingly ] ,.; . .

' difficult becauSe af bhe tendenoy of sPee&S to rise. Many of ‘the parkways

s

only 36 years .old anﬁ still heavily used ‘were desxgned for.cruising speeﬂs

o o . ‘ l-

of 35 mph, but niow . ﬂave speed limics of SS This continEI‘g‘growth in SO SR
| *sgeed is emphdsized by the fact thatlthe first s&atewide speed lin}c was < T

>
12 mph in the_coﬁstrz} 8 mph in the city (Copneoticut in 1901) f -

C(ﬂ.lision two o ¢ _ ( | . P L AL TR
-~ “ “ r N
. The second collision‘is the one which is ceueed by occupant motian

after the vehicle colli%don ‘proper. This second collision includes the ’

motion of the passenger against the interior of’ the car, the whiplash
resulting from different atcelerations of his head and torso , and the °
possible ejection of the occupant from the outo.- As indicated earlier,

roughly one ehird of the fatalities can be attributed to this part of‘the ‘.
-eeoiﬁent (although it nato;eliy is often imoossiblemio assign the cause
of eeath to any one ofltge Pthree_collisione"), .

The obvious anewer to the problem of second~collision.fggelities and 4

r

serious inju;;is is the lap belt and shoulder harness combination. A
’ .
vardiety of studies has suggested that just over half of both fatalities
S . .
. and injuries could be averted if 1007 of the front-seat occupants used

the three-point harnesses which are now’available in all new cars. Use of

just the ldp (or seat) belt would rednce the deaths and injuried by mbre

.

e P . . . .

R T A s -
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~ '{- SR Sample of Auto’ Safe;y Regulat!lons ' . .
. January 1968 . - I "‘ . R ce .. ’
e L Pad;l_ed dashboard .- | S i e S
) Energy- absprbing steering column T _‘ D Ty L ) > s
| f ‘Recessed -knobs’ on dashbqara controls . e L P ‘ o ]
. 3 Lap belt‘,s , e *. e ;,- | VRS ) < %
.. ‘January 1969 . ~ e /A "". T IR
- Headrests L : -}‘ ., S ‘ . o 5 ) | L
L January 1970** - R RN R s . R ' ’ ‘
.‘ R Steering wheel lock ‘ ~"_"“. - -‘_. “ "gﬁ ST o L g i
) Ja‘ﬁuary 1972 ) .‘ ,; .L"y:‘ d",‘ -,
| Side m@rker lights o o Lt - | e .
Hazard warning ligh.m‘h 1 . l A i p
. Shoulder hai‘ness fori pas;enger beside drivér’ - l/ e - .
" Warning light and bulﬁer for froﬁt~seat occupants lap be i g o "
Septemper 1973 o~ o, _ ' :
Energy absorbing bu:nper; &w?b’\nd rea? ' .“' _
april 1973 . S . I
I1llegal to modify ( ‘ disconr;ect) s;'x_fet‘y eduipment - - .
_ September 1973 | ‘ f , o
-+ Tgnition fntetlock tied to lap beles - - | ,
&‘ ) *S‘trictcr bumper standards and uniform bumper height: ’ ' .
., Strength ‘of side door specified ‘ L : . ‘ T ]
" "Roof strength at least 1’ we/igh,t of car ‘
Fire-retardant interior fabrics ] . )
Tail light impmvement C ' ' -
" Illuminated knobs for wipers, ‘defrostexgs ) ) '
September 1975 . : ’ ’
Passive restraints e ) )
1977 . L ;
‘More, sﬁrtnge,r\lﬁ roof standard U ‘ ’ i
7 | P 5
. 1iv o :
. -I ’ ‘ ‘ . ¢ *
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than a third. " .. : 'L ) : -

. . R N o ! [ 4 . ) :
. N .
/ In spite of''the wide publicity given to'*he‘advancages of seat §¢1{3'~
. ‘ : P .
~ and harnesses, usage in this country has increased ‘very slowly. - For cars

an

in which the equipment 1is available.bqt.there is wo warning B;gﬁal.if the -

-* .

. ‘\h ‘; ) -« ) ! b ) - .
" seat belts are not_faifened on all opcup}ed-frqng_seats, belt usage has
A ) - a . - : . . . ., a .

»

xgpparehtly stayed,ground 20-25Z. - When the warnipg systems ;pd'ignitigp:‘;/ .,
interlocks are included, lap belt. usage seems;to risg To'abodt 70%, élthqugh

- - oF

'sﬁohiﬁér hatnesses.are stil] used by less than'IOZ...

-

A natural qﬁesfipq arises hera: If s? nany ééatﬁs and seriéus ¥
' injpriés.could be pr;vented.by‘thé usg~of lap belts and shoulder hafnesses,
_why.not require such equipment b& law? In other, words, why not fine y
Bcéupanis in the front seat of.a moving vechicle who are not adequaéély ' Ny

restrained? Or decree that insurance is tnvalid 1f an occupant is unbelted? )

-

Actually, the fine ($20) has been tried the last Eho.years-in Victoria,

Australia, with the satisfying result, that 3/4 of the riders use lap belts.

A few attempts jﬁ introduce sfmilar state legislation in this country have
\ ~- .. . . ) « g -
been unsuccessful, apparently because\of legislators' opinion that the

. . ‘ , .
public support does not exist. The idea that insurance coverage should

depend on restraint usage is unattractive because of the difficulty of . .

t

determining, after an accident, whether the occupants were belted or not.
‘. . ]

*
)

PR —————— AR R ikt d ‘

1. The best data here are from a study by Volvo, the Swedish manufacturer.’
In order to obtain relifble data, the company gave free with‘each c¢ar.
purchase a collision iasurance policy. To collect, the owner had to report
the accident in detail. Almost 30,000 accidents were described, iavolving

26 deaths (25 unbelted) and-2500 injuries. Several studies have shown no
fatalities for belted occupants in accidents with vehicle speeds up to

60mph. ) : '




therdiEcomfort associaCed With the devices. Because of the tremendous-

-~ ., *

variability of sizes and shapes of human beings, it is extrémely di

problem because thgse passeneers are 11kely to be thrown wili y.by a

-

'collision. Mo§t of the 1000 chiidren unde;'five killed aﬂﬁually,andfthe

6000 serioui}y injured could easily be protected by suitaoi§/p6§2:;i;ts. v

In 1972, Consumer Union of the Hkited States publlshadl its analysis of the
efficacy oF 17 comxercially available child seats and’ infant carriers (all

of which met the governmegt 'standards whieh specify withstanding a static

pull of 1000 pounds). 1In acﬁpal collisions using, for xample a 3G’mph ~

“ »

sled hitting a Fixed barrier (equivg}ent to a car: at_60 mph hitting a pﬁrked

car),.only the Qenetal Motots Infant Carrier passed tests invoiving front,

rear, and side -collisions. Two others (Ford ToT guérd and Sears Safety' .
R ~ R o _

Harhess) were rated "acceptable,” and al additiomal®#wo "acceptable but

-

. ‘ ‘.-
. poor." All others were deemed "notvacceptable." ]

Both the lap belt‘and'shoulder harness fall into the category of

-

- a ‘ . . .
active restraints. By "adtive” we meaa that protection depends on an .
T - . -

- - ¢ ' .
action by the occupant: he must fasten the equipment, The most attractive
- -
- 7 | . »

: : that is, one which worKs even if

reséraint would be one which 1is pass

the rider does nothing himself.

n the next.section, we diseuss‘the receng

I3 -
1. August, 1972 issue of Consuzer Reports.

feult




»

if the.emergency mﬁsical spstem were dramat ally;improved..

_— The thiro collision refers to the first aid and emergency medical «

= 4

‘ .

care given to the accident victim. Attributing bne third of the fatalities -

‘
to Collision three is another way %of saying that one third of thd ﬂeaths

could be airoide'd‘if a quali\fied doctor and et;uipmeno were with the \iictim 2t
o

lsﬁortly after the accident. Clearly, we are comparing the actual situa—ff~

-
- L]

, tion with aﬁ ideal vhich can never be approa hed, so that the actual .. A

- . - N ’ .
18,000 aeaths (one third of the total) cou not be. reduced-to’ zero even

.

But, as, pointed out in Section 4-4,' the emergeﬁcy care system iﬁ

this country is far from ideal unquestionably a significant number of

1ives are lest simply because the emergency care is inept.
LY

2. Auto-Safety Controversz» o | - S
¥ . . . '

Ralph Nadpkr's crusade for automobile safety h;s résulted in a

series of U S. legislative acts. A few safety features were required in

2 y .
new cars in’l968r‘ interior padding, head’ resééaints, collapsible steer-

‘ 5.,
ing column and lap belts. Bumper standatds are,imposed in 19]2 and

\ ¥

1973 flammability standards in 1972 .

/
The wost controversial regulations relate to passive restraint

systems -— that is, }estraining devices wnich do not require that the

rider take .any action such“as butkling a seat belt. Under the latest

//4 /

law, this safety feature is required by August 15, 1975 (although a

f',

, 1t

- ’ . ! ¢ i 2
F . .
. » ) ) = 105
) . " f"}. . . - ' ; ) \i,
development of the air bag, *the most promisjing passive restraint, as. -
RN “ C * : ) L “ = T
Vell as othet auto safety. featuras to d‘efease the accidénts’ and }
.fatalities in the second col}i;ion. S ' -
. . . 4 =
Collision three . T B ‘
) - ' ~ R

!
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4 . one-year delay is cd?rently being requested by the tanufacturers)..
T 0" i \J =
e/ . The auto-eompanies h ve argued stronglytthat the air bag is the
. 3

‘«only device which can neet the 1975 requirements and that the atrmbag

L. .- ..

is too expens;ve and as-yet unproven.. Furthermore, to provide protection

I
¢
e

in side collisions, the structure' f the car must be ehanaed In the"-
": . .

’« face of these diff lties and with the air bag not fhlly developed or

AR - . -

' tedted, the auto manufacturefs urge a postponement of the 1975 date.'

Claims arc made that the device will be e\orbitantly expensive for the

i s

puplic, that protection will be uncertain (sinee possibly seac belt o

A . L

' usage will drop even lower), and that’ the s}stem reliability wiil be
. - 3
: unproven, particulatly aftar the automobile has been in use for some Clme.
#
‘ /
' ' The dSnsumer advocates reply that these ere‘iami%;ar attithdes of
\

an auto industr) which has long given little ‘real attention to safety,

-
s . 2

that the. costs are small eompared to the frequent auto style changes Mhieh

#
s

'serve no purpose exeept to#induce people to byy new ca‘rs,‘nd that.only
' .\ } - ) % . , - A ] N ¢ -. ;. .
government action will ever force.the industty to strike an appropriate

oy ) ) ! ; e ’ ¥
balence between safety &nd appearance. } '
-
In an attempt to evaluate these vehement arguments, the Office of

’

~

Science and Technol:§y‘(OST) in the Executive branch established a
1

special committee i 1971 to eonsidet what federal safety;regplations

- are reasonable. What devices can be required by:1975 without éxcessive

» available to the public in this trade-off between 'safety and, on the other

side,. cost, appearance, and performance?
- : . .

- . . The committee reported on March 19, 1972 in a book entitled .
! ) . ‘ N

-
-

increases in auto cost or a poorer perfoimance? ‘ﬁhat are the alternatives
: £
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"CUNUXatéd«Regulato:y Effects on pfie Cost of Autdmotive, Transportation.”
- . .- . Y

The document was labeiled the } CAT ‘report from the underlined letters.

. “ : - (
This report is an intensive Study of two facets of regilation of auto- - .

4

mobiles: .air pollution dnd safety. In thé latter area, the report

¢ N »

attempts {d evaluate fhe aevelopments of the preceding fiye years in the

>
L

field of auta safety: the highuay improvemeqts,-the changes th gar -~ .
, . P v . - ) . ﬁj . !. B , : . -
design, and the warious- laws enacted, | L

. ' ._- .. ~ . . * ] P}
T@e-report recognizes that, while new safety features are certainly
. "\ . - ‘ . )

. ' desirable,-there has "to be ‘3 compromise between safety and cost. If

L) N -

.car prices go too high because of mandated safety featureé, sales will

: : ; ) ’ L4 )
drop and there -will be a. serious impact/onrthe'U.Sﬁ economic and emp}oy-
¥ o L , ‘ |

Y ment picture. Furthermote, safety devices should.not be required before Y
: y

-~ . . ]
they are proven, or at least untii there is a reasonable.chance of success.
C . : -

' , : . ]
,ng A day after the report was made public, Ralph Nader lssued a state-
B Y I ! a

4] ~ . . :
é%ent, the first paragraph of which"reads: "On behalf of the White House, -

“the Offiéqgof%Snience and Technology has pnepared and relecased the \ECAT

report §s another effort to intimidate the federal regulatory ‘agencies

.

- responsible for regulating motor‘Vehicle air pollution and safety. Never
~in the history of the Office oé Sgience and Téthnology has it been so
maJ!;ulated or, in the current parlance of the White House scer'e, S0

Flaniganized. This report was the inspiration 'of Peter Flanigan who ~ i‘

'l

pursued it all the way to its predetermined destination. It is a mockery-
. P , . N

of scicntific integrity and competence and a penny-ante cagicature of ‘

-

-
>~

think tank studies. ) " .

»

o

What is the reason Eor this sharp controversy between Nader's
A N\‘

! group‘agé the White House staff? ‘Certainly both are Interested in

\“ J . | . E 4
P I N I
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at merel

iIn this brief section, we can not’disen§s any significant frac;ion

~n

auto safefy. ‘ y ~ el = T ¢

. . o
L4 .

'..T. é

of. this Report of several hundred pages. Rathex, we will lock in.detail

. )
*

. A \
: ofJopinion with regard to the speed with which the air beg should ﬁe .

'y .
ne artumen§% that o% the air bag, znd focus on the differences‘)}
b~

C Lo A _./- " L. A
required*in all new cars..}j. R « Y - ': Cro. N
Air bags ,'“.- . " e Y o Aﬁﬁi \15 _ P T ‘

» *

Under the current regulations ofethe Department of Transportattoné

Y gt + KN

all new cars sold after Septémher 1975 must provide passive’ protection L
. A

L]

1 5

for'all occupants in front, siﬂe, and rcll-over accidents ac speeds of

* \' - . .

- 30, 20, and 30 mph, respcctively. We shonld emphasiee Here that the

system required 1is passi@e: i.e., no action is required ofy the occupant.

-

-

Hence,‘Lap belts and shculder harnesses are not sufficient.

According to the auto manufagturers, the only wvay to meet this

grandgre

{8, with tHe air bag. This is a bordus cloth bag normally .
4 - .

, v
folded in Eront of the occupant. The bag is connected to a supply of

énitrogen

or another gas at 2000 pounds/square inch pressure. Sensors

s -

determ}ne when a serious impact occurs (by measufing the large accclera—

E

“tion immediatelyefollowing a collision). When the sensor detects a bad

impact, gas is released intojthe bags. The bag must inflate in 1/20

S

second to protect the rider. Within sécondf.thereafter, the bag deflates.

In other

words,.the.inflaced bag in froht'of the rider gives him a

TA_', .

f.'

" into which he can move without hitting the dashboard, wijg- .

d‘;fon
shield, or steering wheelf/ {

. ¥

air bag is still an exceedingly controvegsial issue. The

-

The
3 gg;;;nment originally planned to require installation in 1974 and 1975

-

Al

Ll N
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model cars, then backed off tospostpone required introduction until®

. - o . " ‘ ’ .
the 1976 models (that is, from September, 1975 on). The auto m&kersﬁ\
Y : . ‘ T4 T

_now urge an additional-year postponement.‘ : : - T ~ .

The arguments fer and ageinst the air bag are easy to list, although .

it is difficult, 1f not impossible to decide'which are really valid.

*

Yor o R o ‘ , SR e

.« - ~

-

f ‘e ’ .
_ (1) Passive restraints (tha&-is, the afr bag) are essential sinee S A

¢

‘ Amerieani will not nseflep belts ‘and shoulden hsrnesses The alr bag -

- plus the harness is by far the best app:oach to sgfety..- . ;. T

cz) Current laws require a bugzer llght warning system-and ignition
interiock'kied to the lap belts for all front-seat occupants:‘,Ehe lap- v Lo
.belt Larning can be cheated trivially; one needs only fasten the beit;nul -‘ '.i;
then sit on it. In .addition, the entire system is easily deactivated

(3) The estimated cost ($300 per car) is smald compared to the cost. .

of style changes which are useless and primarily serve as cus tomés

- ‘ ¢
inducements to purchase a new car,,

-

-

...Against | L .
i “ (1) The-cost is likely to be ii much as SSOO per cagp. which will_’,z’z
have to bé‘passed on to the purchaser whether he waats the air'bag or B
" not. Car sales will plummet (as people postpone a trade—in for severai
years), and employment in -all related industries will suffer.
(2) The lap belt~harness system with ignition interlock hss not
really been given a trial yet Since the average life of a car is ten

years, y innovation on new cars must be followed for nearly ten years

before half the cars on the road are equipped.

’ (3) When airx bags jre iqstalled the ‘use of belts and harnesses

N

e
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wifl drops - - ’ o

(<3:ihe bag may exphgde accidentally while the eéi ef'is cruising
. - . -4

at high speed L .o ! . P

.

(5) The exﬁlosion of the ﬁeg causes a noise which may-be damaging
. . K ) . . . . . . -.. . ‘ , " d‘

to tlie hearing of 'car ocgupants. . ‘. .. )
: | Ty

mecgegics are ndt trained in maineenance. . ot
. . e

(7) The sudden blowingfup of the bag resuLts in high pressure w1Lhige

a elosed car which may push the~doors open, break a window, or even force

27

[
. .

gaskout of the tank, = - N

- | Y + ; ' }
. Obviously, the vaiidi:y of such claims needs to be determined befoé

.a decisibn is made. One of ‘the problems in- scientific tescing is that the

Y

air ba§ is a very new device only a few engineers (normally employed by

ﬁ

the auto makers) are familiar with the current status of the development. ‘

D
- . .

Iu?en attempt to gain some experience with air bags, Allstate Insurance
Company in 1972 pufchased 200 Hercu;ys, eacﬁ,equipped with'en'air ‘bag 1in

.. -

Q‘&

v. “ )
of. the company, - except for two whicﬁ were allocated to collisien tests with

-

. beth dummief and a human panengcr. These tests*were made in the ceurse .
of producing television commercials to int:oduce the air bag tolthe American
l“\ '

public.. unfortunately, all th;ee TV networkslrefused to broadeast the .

cormercials on the ground that they dealt with a controversial topig.

. 1] %
\3 q'Although a few local stations did run the tapes, Allstate then made a
. - .

" half-hour filmewhich was pade available free to eny interested groups
around the country in late 1972. ‘
» . | . :
. Thus, at the beginning of 1973, the<i.r bag controversy continues,

€ A : i

\V

-

) .
/ \ I ‘
. | ).

(6) Reliebility-is undetermined, garticularly af ter yéers of car usp;

.

front of the passenger in the frant seat. These cars. were used by éxecutives .

C A

"
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In part, the.air bag»regulations;ha§h become a symbol for both the citizen .
groups interested in .auto saféty and the volces urging that new ;afety
- : ™~ Y . .

changaa be introduced gradually after extehsive esting and evaluationf\

-The publxc is trapped between thi_ardor of the safety groups as they

. criticize the poor perﬁprmance of both government and the auto in&qury
ﬁin the past and the dire warnings of ghe__gexpected side effects that may .
arise if alr bags are installed on a!llggbﬂcags. 'f ) B .‘ . /,‘
| . IE ve try to oaaoo‘any st of a iogioai'opinion‘from these‘coafges'
s

~and counter~charges, it is exceedingly difficult to obtain an unbiased

evaluation. So little is known as Yet agout the performance of the rela—

tively new air bag. Furthermora, ;he.past history of the auto industry in
. ' ;- ! ' E | :
safety work is’open to severe criticism; even the simple idea of an energy-~ -
. ‘ . ' ’ - hd | " \
absorbing steering column (to avoid impaling thg driver in a»frontalvcollision)

was'available fot y%ars before federak regulations forced the iﬁspallation.'
Certainly one of the great errors in;oqrporato hisgory'w?s the hiring of

4 ) . , :
a private detective to investigate Ralph Nader when he first came into the

national spotlight with his attack on the safety of the Corvair in the mid-

. 1960°s. S ) ,

The difficulty the concerned citizen encounters in evolving an opinion

-

on such issues is compounded by the frequent deceptive‘use of statistics

and quantitative data. This abilicY to present statistics in a desired’

-

light is illustrated by a small part of the RECAT report mentioned earlier --

. : L
a section in‘ghich the argument is made that the federal highway safety

program is already quite successéful and, hence, we should give-the new

¥

. “ . ) .
devices and regulations a chancelbefo;e gfquiring'the air bag.

This case is a bdeautiful examplewof the way statistics can be presented

S I Y
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r‘ to reinforce a desired point of view. We first look at a small part bf .

the RECAT report (aétuallx the total report is’ an impréssive we}*th of :

P
vi}uable information),'then we will consider ogger possxble xnterpretations.

Statement of the RECAT report . ’ . ‘l \
. ‘e - '.§‘ \
't Table'6 from page xxix ff’}eprdduced below. : k
' Economic Benefits of Reduced Deach Rated,. ‘ 4? .
- « for Four Consecutive, Years T < U
T oo DeathuRate , : e f T - \
: , Reductions v S S : :
« ~ Relative to . Motor-Vehicle ‘ : . Dollar Equiv.
Year 1966 (deaths .- Miles Drivem . Lives Saved Benefit
per 100 million (milliomns) ‘ “ (millton)
{, : m.V.m.) . ' e h . ’ R . ’
\ : . . .
$967 0.20 . 961,553 1923, § 269.2
s 1968 - *0.30 ‘el,015, 649" : -30477Y " 426.6
1969 - - 0.47 1 07&,600 . 5032 ) .704.5
1970 - ‘ 0.81 ~ . 1,121,000 - 9080, . 1,271.1

I s ' - »
~

The meanlng of the Table is as follows. If we look at the last-row,‘this
wtates first that in 1970 the death rate was 0. 81 less than in 1966 (n.v I
stands for motor vehicle miles). For example, if the 1966 rate was 5.8%

deaths for every 109 mlllion vchicle miles, the 1970 figure would be 5.00.

The third column gives the miles driven each year;,in 1970 this was 1,121, 000

& mlllion miles. o B i

o~ . ' . ay
The, fourth column is labelled "Lives saved." ‘Since the death rate

- -

is 0.81,less than 1966 there are fewer deaths than would‘have occu:red if

the 1966 rate had persisted. .Mﬁltiplying the 0.81 of column 2 by 11210

from column three gives 9080 fewer deaths in 1970 than would have occurred

>

with the death rate of 1966 .

Finally, if each human life is worth‘$1&0 000 we obtain the last

[N

-

* ¢olumn: the dollar.value of the lives saved. The figure of $140,000 is

. .
. } .
-
. / , . B »
~ - . L3
. ) , .-

_'ERiC‘\ ’ . - . 1;:’) ot .
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N R VI L ST
used thro ut”the e or&‘.iwthe dellar value of ope life in ordex to ,
.2 .‘(‘ _‘/ V7 . AR ) L T * ~ -
calculate Qe benefitq and costs cpf‘.‘particular sgfety mea&'xrés.‘ Wheneyer
‘, - t 3 ‘

we' try to meaSure the tatak.cgst of a new healthﬁor.safety measure, we

. ) ¢ « F

Py ‘
need to place a value on life in order ta‘weasure everything in the same .
2 \l - ‘.r “ ) ‘-/,‘
units Q&E*tyis cage,’ dollarsy Q' '... & ow ;'f; . poe, s
"The report then goes on tgfﬁg?te that. "The esuimated benefit reg}ized
Ry - .
in 1970 fromgredueed traffic fataLitfes—was Sl 271 bfllio&. Asshming ’ D e
DN . v ¢
@imilar declﬁneﬁ in injury and’prbperty damage rates, Lhe aggregate benafit ’
i .- ¥ A

. L totalled $3,09 SIllian. Qne-third, to one—half of tkis aggregate benefit ‘

can be ascribed to thelfédﬁi%% programs for Lnterg//te highway' cegstruction

* .

" aad motor véhicle saféty regﬁiation. ,,,‘ < S e

L4

= "Both highway and automobile design improvement prog}gms hdve reaulted

*

in benefits frc?yredueed fatality and injury rates that are gréater tha’

the costs attributable to achiev‘ng saﬁety, and thus arg reducing the cost

of auto&otive transportation. )

Ty ) o . e 7 M

Report argument I T | o oo T
A .. A :

The Report argues that in 1970 the nation saved conservatively

$3.09 billion by the reduction in.the death and injury rates in the pre
| ceding four years.' The value may be even greatef, since a human 1life is.
probaﬁly worth more‘than 5140,000. This "improvement"” resulted from

several factors: for example, stricter énforcement of traBfjc laws, .

improved health care, better highways, and the national safety éregrag.-

The report goes on to claim that, evén .if only half the s iagé are

attributed to federal highway aid safety programs, the dollar savings are

greater than the'costs,ﬁ

CX}

The implication is clear. The current federal programs are bearing &

< .

10y
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LS - : iy . .
. new 1975 measures, and one can not criticize the auto manufacturers or
. . . . ~ L ; .

. .
,
’ .- - R S
- L4
. a
.
.

¢ ‘A' - .V
' results. Things are getting better each year. Obvdously, then,. new

programs are :2} needed' all we have to do is continue fhe existlng efforts,
- : .

‘and the future is bright. *In other words, therg.is‘;eéklf no basis for the -

: \ : ¢ RIS o
‘safety program administrators in WashingEen. . e - -

- : P

" The above paragnaphs are a sunmary of the arguments sometimes advanced . .
Coo : ok
by the auto manufacturers and officials in government. They avoid présenting a

. ‘. /’ .
* the real‘problem: the }a:ge number of auto deaths ‘and injuries each year\}

3"" @ >

LBy using carefully salected ta nresented in such a wav as to steet the

——

°

reader’'s evaluation tqq?>de§1red eonclusion, the arguwent creates the appear-

4nce of scientific analysis. : RS ' .o 4

This is exactly the mis-use of data which is most dangerous, Cif we’

* honestly want the public,to Be sufELCLently informed to be able to choase :

" intelligently ¥rom among alternatives. | //f}/x
"Logical extension of the report arguméﬁi : :

,S\\\ If the Report argument has any validity, there‘s no reason why we
[ ]

o 3

should celculéée\eoliar savings only over the last four yea:e. Inetead,
let's see the "benefit" for 35 yearsé - |
In 1936, there were 38,089 deaths and 252,000 million vehicle miles,

or{a rate of about 15 deaths per hundred million miles. In 1970,.the
cofresPQnding rate was 5 (one.t frd as much).‘ If we use the‘Report's
argument, somehow in 1970 we "stved" 10 lives for every hundred million
miles -- or a total of 112,100 lives in 1970 alone. At $140ﬁ00 per life,
this represents a savxng of $15.7 billion. ,
‘ Measuring’from 1936,'we save $1527 billion the 35tﬁfyear (;970). If |

.
) v - 3
. - . .

-lr),) . )
] ] . .
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we guess the.saving/year increased linearly from zero in 1936 to $15.7
*

‘billion in 1970, the total saved over the 35 years is

o 35 x (Average annual saving) or 35X 15é7 billion
. ) » . |
. or $275 billiom
. This ridiculous figure comes to $2750 for every' licensed Sriver (enough ' ,$ '

to:purchasé every driver a ne? caf) or $lf75 per person in the'U.S.
It is.easyAtb be convinged thaﬁ the auto safety program'is oHe. of
. the best bﬁys this country has ever had.
An even better argument goes as follows. The death rate per 100
‘million miles’travellad by horses or horse4dfawn vehitles in 13gp was
approximately 10 timés ;oéayks_auto rate. Heqce,.theyéunp today isiﬁfﬁgng

e " . ‘nine times thé lives it takes —- or about 500,000 lives’ per yeat. In 1970 |

alone, the saving was $70 billioﬁ (or roughly.the total cost of either

-,

N

education or health care in this couszy).
The ridiculous.naturemof this argument is dpparent if we recognize
. AN

&

= that, to ;rgvel by horse as far as the‘average American does today by car,
everyone ;ould have to‘spend mote than three hours a day ;iding. " Then
'imagine ﬁhe urban Pollutiéh problem (compared to 1&00 when the streets of
*  New Yofk City received daily the relatiéely minor quantities of 2!; million
_"pounds of rr;anure and 60,,000 ‘gallons of urine). . | . ' | @
.'A different view of the éame‘daﬁa _ |

- ~T

The same data of Table 6 of the RECAT report can be presented in a

’. ~— i
different way: ‘ '
. Vehicle Miles Increase in Increase from 1967 in

Yég; Deaths Driven (millions) Deaths f{ron 196ZJ33105 Driven (nillions)

11967 53,100 461,553 - ‘ -

. 1968 55,050 1,015,649 1950 - 54,100
f 1969 56,210 1,070,600 3110 109,000
y 1970 .55,040 1,121,000 . 1940 159,400,

.

1o " /

i S
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L v
- Now we can atgue: The, improvement of roads and l?crcase in cars allowed

.

the American people to drivc 159,400 more millions of miles in 1970 than

o . .
in 1967. The cost of this extra mobility was 1940 lives (and perhaps nine

times as many injuries). ¢

-
-

In other, words, the highway-improvement ptograh (for‘e#ample) gave

J; greatly increased mobility at the cost of more accidentc.‘

b ]

. In these terms, a comparison between 1936 and 1970 makes .sense. In

R . x , .
1970, we drove 4.5 times as much as ln 1936 aﬁ a cost of about 17,000
;lvéé. If the highway system of 1936 had rcnainedJUnimproved for 35 years,
the number of vehicle miles driven would certainly not have -grown very
much. Already lﬁ 1936 thcrc vere signs of near satu:ation on many roads.
On“these highways,‘gn incréase in traffic would have duced the death

. rate because of lower average vehicle speed.

L

Comment ad * o

In our sccon¢'view of the same data, we ccrtainlg do not emerge with
any ringing enforécment of the past efforts in auto safety. Whether an
auto safety program 1is adcquate.or not depecds on | [* 4

(a) Willlcgness of the pullic to sacriflce pcnsonal:coﬁvenience and
-pay added cost for greater‘safii::> ‘ ) 8

,} (b) .Readinéss of the public to compromise ceitaln aspects of individual
. - ™
liberty (for example, in allowing roadside tests for driving.under the

LY

influente of alcohol) ; ! ) ' -

-~ s

(c) Feasiblllty of new technology to improve safct%\(e .8 ,‘is the air
. bag technically and economically possible by 1975).

The'fcderal prograg must weigh such factors and then develop appropriate

‘

regulations, subsequently strictly enforced..

-

. ¥
. “of ~
. .
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Thus, an evaluation of the achievements of the national program soO

far is to a considerable extent 1rrelevant to decisions on future policies,

except to indicate which policies are likely to result in improvement. "

Only when the“auto death toll is signifieentlyﬁreduced will we be able to
argue that the program is, indéed, successful.
Certainly, the most specious.a:gueent is that which effectively states

that success has been achieved because the death rate per nile is going

down, even though {n actuality the deaths eaeh-year are increasing in number.
.

If one carries this to an extreme, if everyone would drive tw1ce as much

next year, we would have a highly suceessful year if only 90,000 people

A}

were killed (compared té this year's 55,000). B . - >
3. Alcohel And Driving 3 . ) . ' {

v
Alcoholism is a natienal health problem, which we night well fhave

discussed in Chapter 3. &he relation between serious automobile accidents

-and alcohol 1s so startling, however, that the topic has to be included

in this chapter. Precise data on: the inmportance of alcoholism are difficult

to deternine; there is a suspicion that often the easieﬂ&~2§planation for

-an eecident;is that one driver was under the influence of aleohol. A study
- . .

o{ police records in Massachusetts turned up onc such allegation where

- »

. o - . » .
the driver was a lecal leader of the WCTU (Women's Christian Temperance - !

Union) who had never had a drink.

.

Even 1f the data are vicwed skeptically, approxiéﬁtely'one half the

- B . -

autd fatalities arise frow accidents iﬁ which at }east one driver is under

the influence of alcohol. Thls seer stqrtlipg until one realizes that

thexe are 10 million alcoholics and prnblom drinkers in the United States.

In other words,‘ag%ut oric licensed driver in ten @s in this category.-—{gms,
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when' you drive, every tenth car coming toward you is, on the average, driven

i

'

by an alcoholic.l' Hapefullé, many of these are not intoxicated at the time.

Alcoholism in general‘

APcoholism is directly related to about‘G0,0bO deaghé per year (42,500

of them wale ~— a significant contributor to the problem of higher male

4

mprtality discussed in Chapter 33. The épecific causes of death can be
v
_ further subdivided: o T s ?,
14,500 fronm dircctly related discase: cirrhosis of the liver,
chronic alcoholizm, and .so forth . ,

* 4

7,000 from suicide and homicide

26,500 from:auto accidents *

A ] . ’ R

12,000 from other accidents ) -,

In spite of the magnitude of this health problem, pgr capita dfinking has

not‘increased'significantly if we view the pasf century, even though the )

. last few ycars have shown ajvery sharp rate of increase (Fig. 4-2). The
v L -
. . ? . "
Gallons/person,
2 4 5
~l
28]
~
L
= )
' £
1+ Ry
b
) A ‘ .
v . ’ ) . i 1 1 i 1 1 1 - i ] 1
1850 1880 ) 1910 1940 1960
Fig. 4-2 Total comsumption per person in  the drinking-age population -
. _(those‘over 15) as measured in gallons of absoluta alcohol
_ (from wine, beer, and distilled spirits) i

1. And the odds gfe really no better if you are an alcoholic or problem
drinker. . . .

r

Q !f?(; . .
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. situation today is not mugh different fsom that in the late 1850's.

On might also measure the seriousness of the alcoholism problem

by the annual direct cost in lost work, medical expeﬂﬂes, impaired job
efficiency; and accidental damage. This figure has been estimated at !
ten billién'dollars, In'the major metropolitan areas, companies frequently
contract for permanent accomcdaﬁi&%s at residential hospitals for their

senior-level employees “ho require a drying-out pﬂriod ¢

Alcoholism is not uniform across society. Although a numerically

‘small part of the overall U.S. situation,'the'70&,000 Ameripqn‘lndians

-, . » -

. | pose a particularly serious problea. The average age at death for this

group is 44, compdred to 65 for the entire U{S. pOpulation 207 havé\no
' 3
housing, and 70% of the housing is below any acceptable standard. Soma

” - of the schools have a 1002 drop-out rate. Under thesg "conditions, it .
)
is not surprising that in some tribes every hale over 18 has a drigiing

problen, end it is not unusual to find that the annuaff;umber of arrests
. / W

for drunkenness begins to approach the size of the EEpulatiqn. This

" deplorable status of the Indian exisgs even though the federal governmeént

. spends $500 million per year on Indiag;ﬁervices -- equal to mpre than
$1,000 for each Indian living on a reservation. ' a
cga] measures, | ’ ‘

- -~

\Aleohol is in\olved in approximately half of the auto fatalities;

in the great majority of these, cases, the problém drinker is, to blame

*
e ‘ ¢

rather than the social drinker (Fig. 4-3). Immediately the quéstion arises:

Why not tighten up the laws against driving while under the influence

-

of alcohol?

-

The author's strongest impression from a visit to Norway arose from

J .
: | “ {
R - 1 f? l. ~
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—— PROBLEM !
DRINKERS )
'NON ALCOHOL {3 ALCOHMOL N
I iNvOLVED 1§ INVOLVED S¢ N -
© FATALITIES SFATALITIES & .
——SOCIAL .
' DRINKERS.
A -
- N ,
- i Fig. 4-3 Distribution of auto fatalities
a dinner at which everyone had a social drink or two. After dinner, the N

host called a taxi to return us to his house rather than drive his own

car, because of the very stringent laws in that countrycl These national

1 .
[

actions include

Mandatory chenical tests
A

Roadbloqks to catch drinking drivers

Mandat;ry threg—§ear license rgvocation .
Three-month jail term for driving while intoxicated
Insurahce cancelled if drinking

The resul? of strict enforcement of this policy ﬁ%\tﬁat only 107% of the

- fatalities (rather than 507%) are alﬁohoi—related. \

In this country, in contrast; laws vaiy.among the states and they

. ’ ) . ‘\’_ .o
are often only half-hecartedly cnforced. The National Hfgiway Traf fic

A — > — S — T i b

N .
1. In San_Salvador, the sentence for drunken driving is death by the/
! ) firing squad (although one of the author's students, who happencd to be
' from there, emphasized this does not apply to tourists). Needless to say,
there are few offenders and no second-of fenders. : e
., A‘u‘\*. . .\ . ' /
. ® | ~
0. : Oy ) '
ERIC N

oz e
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_Safety Adninistzation (NHTSA) ofx the U.S. Department of Transportation

has dec1ded that a tough progran i§ jhst not possible in this country.

-
&

Courts wfll not enforce stringent pengltihs The public will not support

automatic licen e revocétion or. jail sen§enhes and in response to public
- - S f
attltudes, the courts will allow pleas to lgsscr charges when fthe man is

accused of dgiving while intoxicated. > = . o | .

The premise that a tough program wagainst offenders can not be effective
RS

in this country seems open to serious question. The legal progress in

. .
! - D . .

the last decade has been impressive, and we now find that:

A

. (1) Eveyy state has' chemical test 1egislation,\bith\%h¢ level varying ;

t -

from 0.08% to 0.15% blood-alcohol concentration. { f - /I ,

* (2) Only I1linofs does not have an implied-consent law.

-

*(3) Five states now give roadside breath tests.

"In spite of this progreks, the federal government (represented by NHTSA)

.
N

takes the official position that the United States can not fo low the lead

: \
of the Scandinavian countries. ..

If aute dcciden;P resulting {rom alcohol can not be reduced by strict‘ .

" Al
- r' ~

lavs, what alternatives are available? Two possibilities exist: technology
s

to keep the intoxicated driver off. the road, and community/or social T
! ' ' .
. Programs. (
* Techuology ) _
/ : + -

In tochnolngy two different approaches_have been proposed to detect
R :

the fact,that the driver is undcr the inflaence of alcohol. The first
] -
h )
attempts to fock the ignition when the air exhaled by the driver indicates

alcohql.lQ The feasibility of such a device is ruled out by two obvious

—— — i ——— A AN G S

1. -Time, Jan. 3, 1972, p. 53, reports on a Japanecse deﬂglozfent.

1°9 -
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problenms. '

- I

First, unless the driver's breath is collected difectIy, other : T,

'paSSQngers can trigger the ignition lock, or detection can be avoided by

opening the window. Second, the f;ck,can be triggered by the fumes from

various perfumes and after-shave lotions. - ,
1f the public is to accept such devices, the technology must work
. with rcasonable fidelity. There must be a relatively éﬁall‘numbervof

false positives- (1ocking when .the driver has. not been drink{ng) and false

v negatives (failing to lock when the driver has been drinkiug) This
ccncopt‘of false negatives or positives is a common and importgnt way to

measure the trustworthiness of many.measuring systems. ' For instance, in
. [

- -
- “

medical tegts false positives indicate tﬁe disease when it is. not preseﬁ;.

This causes unnccessary patient worry, and‘ofxen requires_an'extensive

series of further’ tests. False pegativés‘meaﬁ th;t the discase has been -
overlooked, and the chance for early treatment is %cst. “Thus, the value

of a test can be measured .n terms of the percentages of false positives

Pl
and false negatives which gre obtained. 1In the same way, the breath test

e . . . , Y
for the driver will be useful only when tHe fraction of false results -

can bé kept very small.

There is a sccond type of LLchuoloby which bas been propesed to .
¢ " H ,
prevent driving by people under the influence of alcohol. This approach

is represented by a device'to display a code number and a dial. A

randoaly chosen number is flashed before the driver -- for exanple, 72148.

-r,

Tﬁq number then disappears. During thc next fow sgconds the driver must

A
2

lgial in this ‘same number. If he fails, the ignition w1ll not-unlock;

*

Unuvally the driver is given a second chance to ''play the game,'" in case

-~ | . . . ‘ = ) f-
) [} .‘ . - ’ '
Q . . AR ,
’ . 1'),,- . ' . P




X

‘123

4 ' : ~

. he acc' entally made a mistake in one digit or was not looking when the

original Aumber was diSplayed; :

The principle here is “that gha driver who is under the influence of

2

alcohol has both a poorer manory and a slower rpaction time. Unfortunately,

tHere are again difficulties, and it secns unlikely that such a device

I’}

will ever be used widely. . “ L

F 4

(1) Public acceptance is dubious. The average car owner just does e -
not want to bothe® with such'"gaﬁes" every time he starts his car. "
(2) ;he pest could be taken by a sober passenger or bystander.

(3) 1t is.difficult to design any reaction-timq measuriag system

which catqhes the drinking driver and lets the abed driver pass. Average,

human reaction time increases‘wi:h age (Fig. 4- 4) . .

f : . «

Reaction time] '
(seconds) . : ' . < _
.-,' 0;6.. //_// .

. 0.4“" . -
. - &

. 0-2 -

b -

\ . 4 ¢ + - ¢

Fig. 4-4 Total human reaction time varles with age,
on the average

" .

- - L ¢ - P N

Reaction time can be measured easily. The subjectgholds out his

t

thumdb and forefinger., The tester holds a iﬁ}pr with the zero-inch end
at the subject's fingers. At any tinmc, the tesser drops the ruler. Once

#

Jie sees the ruTer falling, the subject closes his £idg§rs. The distance

¢ ‘?1 | 1:31
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é N
dropped is a measure of reaction time (4" - Oxii 8" - 0.2, 12" - 0.24 sec.).

This is the minimum reaction time in a simple task the data of Fig. 4 4

refer to the total reaction time when the foot has to bé moved to the

P
brake 'in a driving emergency.

r

An interdting variation of the experiment has the subject (a ‘young
i

man) meqsuréd conpletely sober, then again after a bottle or two of beer.

For the person not used to alcohol, one beer is enough to.slow the reaction
‘ .

sufficiently that he‘missgs the 12—inch:ruler'altcgether. Not\ffzy'is his
reaction time increased: but he is convinced it is as good as.ever; he'is
sure the tester is hurtling the ‘ruler downward. .

(4) Any gevice of reasonable cost gould be removed or permancntl}
disabled easily by é technictan. (pne of the peréistent prob;ém; with
alr-pollution control devices has been the tendency of owners to remove |
them once the car has passed inspection in order to improve gasoline
mileage and incfeage effective eng&@s-power). | ‘ ‘ .

-

Thus, while technology can provide a variety of devices which theoreti-

cally can prevent car apcracioﬁ by a driver under the Enflueqce of alcohel,
a}l such apbfoaches seern to depend on an unachlevable level of public

acceptance and willingness to undergo personal inconvenience.

1

Alcoholic countermeasurcs program. . . .

Confronted by the conviction that legal measures are not a tot11
solution and that technology can not help directly, the National Highway
Traffic SafetyFAdministration has started a group of Alcohol Safety
A&tion ?rojecté. in 35 cormunities across the nation, local programs

are totally funded by the federal government at a total cost of $82 million.
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A

Each project is dcs‘gned by the community and includcs a variety of “
. . .
specific steps which hopcfully, will, constitute an eﬁfectlvc tﬁtal . ; * Y
. ¥ . *‘. P
attack on the problem of alcohol- relatcd accidents. : lif 3 . : R ’#'
. - While the proo;ams vgry ocer a wide range nf approéthes, cﬁé ‘commor a‘-;.T s N
. feature is the hiring, of addltlonal justicc personnel to 1dcate the problem‘;'; ':‘ .

- N 4

drinkers and provide individual rehabilltation serv;ces. Speclfic\actions R B

includc Such features as: ' e : ."- R y :
(1) For conv1ctcd prohlen drlngers, tﬂg.option of a jail senEence.or~ f .f“_; f‘
a daily use of a druglwhich cauées.naccea whcn alcohol is EonJ;;edﬁlater;‘: B ) ‘f?‘
. N, L ot < .
(2) After a second convictibh thc pxob&éq drlnker is scntgdced to 'gf’;‘"'?ﬂff:
RN _ . Al .
30 days in a rc31d¢ntial‘“hospita1 E,,‘ s ;fl: '_; - 5.{;“‘. ‘:,f::,-- é L
(3) In San Antcnio, Texas, special: p@lzcémcn videotape thp béﬁi:io:";;;'ﬁé \
of drunken drivcrs and show the tapes after the qgrested man hgc‘soberadvqy ” . 5;f
C (4) Special patrols are assigned at nlght to areas :J:{'th)a& laicge ccc- .(‘_“?: ' 9
centration of bars and nightelubs. L :l:':IA .l - ;, b;'-fr

(5) In part of Nor'th Carolina, the emphasis is on massive public -

education. Whiskey and wine are sold in pépcr bags which contain a breath

- L]

testcr'éx\ chart to evaluatk breath alcohol conccntratioh.l

N e . e

The leng-term hope is that from these local cxpcriménts there will
. > . N
emerge a set of tested guidcliﬁcs to help a community or state develop an

b .

——— e i o o

1. The proper 1ntcrpretat10n of breath tcdtq for determining alcohol in

the blood and, then, ability to drive is a cinating scientific add legal
problem. The difficulties, arising becaust of difffering” hunan physiologies
as well as the variegy of instryments, are deqcrl%cd in the article by._
William S. Lovell, rath Tests for DgCexﬂlnlng Alcohol ine the Bloed,
Scicnce, vol. 178, October 20, 1972, pp. 264- 272,

f l / . . ' i
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' .
| \ . . N
‘optimum alcoholic countermeasurgs progranm. * . .
* Final comment . , ) : ..
: E Lo . 4

‘ problem.

:f The combination of alcohol and drivfng is a major socio-technological

The large number of deaths and injuries are particularly seriaus .
'because they impact strongly the young and healthy population and they o
o

-,

represent a continuing threat to the large, innocent portion of the public.
’ * .
What alternatives are available-and what can an individual do? The
d ' o -
most attractive approaches are not techpological, but rather fegal and

social. Increasingly stringent law enforcement dépends on public support.

t

The alcoholic countermeasures program of the U.S. Department of Transporta- _ -
N .

]

tion provides a vehille thfough which local efforts can be designed and

funded. ' ‘ ..

¢ . ' . )

4, Emergency Medical Servige

: ]
In 1971 a soldier injured in battle in South Vietngm was brought to

kY
an‘emergency medical facility in just over 20 minutes, on the average,

* '

~and he was seen by a physxcian within 30 _minutes of the time of injury.

Furthermore, during the interval he was under the care of paramedical
personnel wvho were adequateiy trained and equipped to handle moit of the

emergencies. ‘
.’ ¢
i,

In that same year, an indé:isii; injured in New York state had to
walt an average of 69 minutes for care by a ﬁhysician ~— Oor more‘than

" ' , .
twice as long. The data for New York City (and many other U.S. cities)

are comparable. Also, the personnel manning ambylances -often had only

aiaimal training, and many ambulances were inaégquat y equipped.

N

What are the recasons for the long, 69-minute interval? Actually .

-

this is only an average, and the detailed stat{stiés wSuld show many




" two hours.

) L : ©127

case§ much longer. Since a fey peopie are probabi;‘injured just outside

-

. ' : ' ¢ :
, a hospital emergency room, there must be others for whom the interval' is

« -
{ ]
[ .
o 1]
' N ~'y. .

. .t . Co. .
In an attempt to understand the reasons for the poor performance of

the emergency medical sexvice (EMS),-QG might“tfy to breék;Hown the 69 "«

minuteés into its components. The New York State lealth Départment did

this in its massive study of 50,000 ambulance cases_dufing the first six

months of 1971. The findings were:

' Time until ambulgnce called after an injury, heart

attack or crisis situation . : . 11 minutes
Time for ambulance to ;each victim ' lS_minutés
Time until victim recaches hospital > 18 minuteg

~ Time in emergency Toom before physician sees patient 25 minutes

Total 69 minutes

(The last 25 minutes is probably not as-serious.as it-qﬁghf éqem, since .

»

at ihis.point‘the victim is being observed by nurses. If it were~a time

)
-

eécrgcncy, presumably a doctor would be sumnoned more rapidly).
” - | . ~ t
This breakdown into the four categories places in evidence the weak-
' ' | |
ndsses sof the EMS system in many parts of thi¥ country. Dischssion of

EMS 1s diffult because performance differs so widely from one region or

~ Vv

-

town to the next (usually ®ithout citizen awarenéss of the quality of
emergency care available in his own arca). In a few towns, there are '

| ~ : , ,
major efforts to gdevelop a lJogical, unificd system using modern communica- -

H

| R 7 ., .
tion and transportation technology and including the best possible »
. A s &.

training of p&rsohncl. In other cities, the EMS system is a hodge-podge

of jurisdictional disputes, with elements of care provided by hospitals,

R | 130 .
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- ! > . . ‘e )
.police, fire departments, and private ambulande service’s ~- groups which ,
. LY -vﬁ L ' * ".,
may compete rather than cooperate. A ‘

N In an attempt tp bring order and progreéslto this often chantic
- ' [ R
situation, the federal government (through the Department of Health, Educa-~ g

tion and Welfare) initiated pilot projects’in 1971 - five local effores

to !Engstrate whzt could be accomplished through a‘qentralizéd regional

r
’ . .

program ‘adequately funded. The improvement of emergency services was
adopted as a fﬁy element in the Administration's program for the use of
« ‘ .

science and technology for the benefit of the ptblic. Expéﬁs}on of the -
. * . N * ‘

. effoft in 1972 hecame temporarily the victim of the attempts to hold dovn -
fédqral eﬁpenditures, but ‘there is every'anticipation of continuing and
increased emphasis on this area during the next decade,

In the remaining paragraphs of this section, we want to look at each

L]

of the four time per;ods mentnoncd abcve, our object1ve is—to understand ‘4—*“

Ways in which the total time can be.reduced and the emergency medical

\

care’ improved.

‘Calling for help , - E | L e T T

In many parts of the country, one still has to dial a seven-digit

T . * -

E " . number to reach the source of qmergency-care. If the call is from a pay
i

Y

‘phone, a dime is still needed, even to reach the operatcg If £he call

t

<

. is &ﬁ,thc police, there may be a very limited anbulancg and emergency

service available andxunder police control. ‘There is likely to be no

3

.regional® control center wherflinformatiaq on availability and location ‘ o
*

of all ambulances is kept up-to-daté, so that the.nearest, properly equipped

vehicle -can be diépatbhed to th'e scene.’ L

*

b * Two relatively simpl\e technological improvements are obvious: o
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(1) Pay phones should be designed so that the opetetor or emergency

numbers can be reached,without‘requiring the caller have change to actuate

5
» ¢

the dial tone. This system, already in operation in the United Kingdom,

[N

. H .
is gradually being installed in this country.

(2) The emergency number should be uniform throughout the United

*

States. . In the Sov1et Union one .can dial the same two digits on éhy

&

phone. The comparable approach in this country is the 911 number to

reach the police, although as yet this is by no means nationally available.

-
-

The importance of a central-source fot'help and information has been
demonstrated by the poison control centers Wuieh‘have been in operation
for several years in different parts of the coontryr If a child swallows
a qustanc% feared poisonous, the mofRer can call‘the center, describe
the substance, and immeoiately recegje'fitst—aid advice,(the opetator at
the center has a cataloé of information on appropriate_antiooteé). The

' : ' L :
cénters also yield important information for new regulations to aecreaee

. -

. the number of ser133§\§oisonings.. For example; early experience with the
centers revealed the large number of cases® in vitlch very Small children

ate all the baby aspirin tablets in a bottle, a step encouraged by the .

candy flavoring added. As a result, the aumber of baby aspirin which
v ‘ .

can now be sold in one container is {imited so that severe poisSoning can

nof occur. Such an imaginative, even though trivial, decision reoresents
- o 2

a small step forwvard in consumer protection, but a step which probably -

- * ' : “

. would neverfhave been conceived without the information input fyom the

f *

poison control centers.

Help to the scene 4

A}

* The second time interval is that required for‘the ambulﬁnce or

- o
.

12, ® ,

w
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' . emergency vehicle to reach the yictim. The obvious pr‘:‘oblems here are »
;? the location of waiting ambulances and the techniques used -for dispatching.

x - -

In New York Qity, merely as an examplc of a large urban area, ‘there are
R é

109 arbulances étationed at 49 hospltals thrcughaut the rEEKon. €alls to

¢ x

the police lead to instructions to the nearest hospital to qispaech an
' =

.
-

ambulance ) . « ~
» - “ \

\{n London there are now attempfs tgkestablish a centralized system.
‘ *
When a need for g%lp is perceived,’the.centrpl computer will ﬁétermine
\_ which of those ambulénces appropriately bquipped‘fcf“this call is‘hlosest‘
. .

in time to the scene. Once the selected 'ambulance is then ‘called, it

will be routed through the city streets by radio communication. Ultimately-

such a system might also keep 3 running secord of which blocks are severely

-

L

t - .
congested in order to route the emergency vehicle around bottlenecks. The

-

total syqtem requireq clas%ification of the medical equipment carried by

-

each vehicle:, 1if the call is- for an appazent heart attack, the answering

‘*\g ambulance will Bave coronary care capabilities and correspondingly trained

personnel. )
. 4 ' .

Onu aspect.of the system which until recentl has’ received =ver
- aSp Y y as y

little attentiod Xs the desirable design of the warning devices (lights

n and sirens). The evaluation of a siren-light combipation turms out to

-

be exceedingly difficult. The purpose of the equipment is to alert
drivers and pedestrians to the approach of the emergency vehicle. This

' varning must be given even in the greaence of a distracting anironment

A}

-

(f£lashing neon signs* and horns). 1t must be effectlve even when the

driver has his windows closed and radio on. It must work with drivers

who are tired, partially deaf or color blind. Finally, it shoyld minimize

3
:
- L
.
. - .
. + -
: ,
2
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{
<

the disturbance to nearby residents and people behind or well to the side

<
«

of the emergency vehlcle. B ' ' -

\

In‘the light of these requirements, current research is focussed on

-
L

both ney. technology and people- tcch1ology intcractions. In the former

category, sirens and lightq are sought with improved directional character—

L

~istiecs, so that the warning 4s focussed on the .street ahead andlentering

»

side streets. A signdl will ba~transmitted from the emergency vehicle to

contyol the traffic lights a block ahead in order to stop traffic and
pedestrians from entering the street in the path of the vehicle. In the

latter category, rescarch is studying which types of sounds and lights

¢

are most successful in-alerting the human being. ' .
. . i ) ) ‘ . * .
Transporting the victm . ,

-

Once the ambulance reaches the patient, there is the problem of

' ,transportation to the hospital. Again, the routing problem atises. It

is not unusual for an ambulance to take thL patient first to a hospital

*

which can not accept h}m this even, happened after Senator Rohert hennedy

L

was fatally shot in Los Angeles in 1968.
Ambu)ancos are often poorly designed and equipped. 80% oé the —\
25 000 ambulances in the U.S. are convérted hearses, limousines, or
s*tation wagons. Only one third of ambulg‘ncc attqi\\dants have received the
80-hour training program wihich is ‘considered minimal. %urthermoré, there

is often no direct -communicatlon link between tRs vehicle and . the hospital,

- ’ f .
so that trained physicilans cap advise on the care during the travel pericd.

v b P

At the emergency room

—

Finally, many hospital emergency rooms are noo/inundated with ambula—

tory patients or out-patients. For a large fraction of the population,

A\l -
+

N

17y
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’k‘ * the emergency room represents,the principal means of access to the health
| ot . * : ‘ v

care systep. From the standpoint of emergency medical care, thé ideal
éystem (even if it is too.costly) would be one in which the eé&rgency
room was' staf fed by doctors especia}ly trained for érauma tréatmeﬁf and
wa; used only for its.primary purpose. .

Final comment

H

, . :
The system for emergency medical services in the United States is one .
¢ ) ’

in which local control is the, custom. Consequently, an enormous variation

- .

in the quality of scrvicé has developed, dependent on the unity and centrae
lity.of local planning, the financial support given by the communlty, and
the demands by the pphlié for performance. As confirmed {n recemt studies
' éy the National Academy of Sciences, the Deparimeﬁt of Health, Education

& and Welfare, and the White House Office of Science and Technology, the

= +

result is én the average an emergency care system well below the standdrds
in éther nations (the United Kinédom and the USSR). 1In ;any cifes; improve-
ment is‘blockedxéy the difficglty of bringing togethér the various groups
which arc already involved: the local mcdical society, police, firemeﬁ,

hospital personnel, and so forth.

. | ] .
5. Other Accidents

1Y

Automobiles account for only ggcut‘half of the fatalities and serious

\

injuries. In the preceding sections of this chapter, ve have focussed on

auto accidents simply because this is thec area which has received the most

] . L}

public attention in recent years. It 1s also the direction in which 1t .

seems that it should be possible to make the most inprovement with rela-
. ) ¢ N . Y
tively straightforvard applications of technology, new legal and regulatory
. . * $“ .

- | Lo | .
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N

measures, and enhanced public awareness and:concern. > ' )

-Other areas coulﬁ be‘considered. Fire causes‘mofe than $§‘Billiqg

annual damage in the United States. While there is still great ignorance ,
4 . a .
of how firc.: start, spread, and can be coptrolled, there is a variéty of

programs which hold prohiéé of decreasing both’ fatalities .and property

losses. A few of these serve as an indication of the proﬁiﬁe of this K

~ -

research: ’ Lo
searc , A . o .

(1) Just the past few years have witnessed the first studies (includ-
ing computer simulations) to determine the optimum location of fire stations
and equipment withid a town to minimize the expected time for ‘the equipment\

to respond to a call, WOrkiné for East Lansing, Michigan, a Bureau of

- -

* Standards group\has developed an optimization procedure.

(2) In most major cities, false élarms.coﬁsgitute about 50% of the
calls.’l The New York City Rand Institute showed thaglghe'corresponding '
loss in pcrformance could.be cut.significantly by .using cruising cars to
investigate alarms and tufﬂ back the mﬁjcr gquipment if the!alarm is false.

:(3) Once the firemén have renched the scene, fire fighting effecﬁive-
ness can be improved b§ using hydrants which can be turncd on easily by
firémen (but not, of course, by_;oungsters oﬁ a hot, sumner afternoon),

slippery water (the water with a polymer chemical added’to case flow alon
ppPery g

the hoses and increase pressure at the nozzle), and robots to carry hoses .

e i e e e o . et ol ey S S e S S W

1. One effeactive way to reduce false alarms from call boxes is to add //f
plcturephone service so the caller is visible to the operatér. The ] o
problem is the maintenance of the picturcphone equipnment. When (in some
cities the half life of a pay phone on the street is only a fewghggfff
plcturephones are obviously susceptible to vandalism. ’
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~

‘and equipment into buildings when there 1s danger of the structure
V4

: collaﬁsiyg.

(4) The ﬁatioggl Bureau of Standards is now tzying to develop safer
matches and lighters. The priPary goal is to péke it necarly impossible -
for a child to iénite'them,lgincé aimésﬁ'half of the victims of accidental
fires caused by match ignition are children under 10, while children
under 6 account for 29?.

(5) In the samé vein, the.Deparfment of Commerce is respohsible fof
setting thé standards undef the feaeral Flaﬁmaﬁle Fabrics program. In
July, 1972 the first standard was issued for children's sleepwear up‘;o
size 6 in spite of a vigorous campaign by segments of the apparel industry
to water down its provision. An attempt was made to phase in the standard
by requiring immifiately'that all garments which do no; meet the‘standard .

o 'thrqugh 50 washings must carry a label warning the purchaser to kcep.the::'
clothing away from high heat. After 1973, all apparel sold must meet the
standards.l

(6) In many cities a major efforg is ;nderway‘to determine approp;i-

‘ate builﬁing coées to control the ‘effects of fires‘in md&ern s%yscraperé..

~  Two serious problens ﬁave appeared in recent years. The first difficulty
arises because smoke tends to -fi11 the stairwells f{rom the floor on which
th; fire is located. The occupants are then blocked from using the stairs

-

for emergency exit and smoke can be carried to other floors. The answer
’ 4

i . . P i
1. 1In England in the late 1960's a rigid standard was introduced abruptly.
Prices of infant nightclothes rose soO rapidly, many mothers bought material

(which usually did not meet the standard) and made the clothes at home.
The result was no real improvement in child injuries and fatalities.

Qo i 14:)‘




- now under study is'fé‘keep the aiﬁfpressure in the wells slightly above | '

" heat-=sensitive call

"{n building evacuation. i . : 2

dest neé ta reduce the human and economic costs of fires.. Analogous

A}
. ! ¥ .
human damages is a reerkably recent phenomenon. The Washington program

>

which take over as soon as & fire alarm is given ~- programs which reserve

\
. | 135

atmospheric. If the door to the fire area is then opened, the flow of

air is from the stairwell into thabugloor. ' | ‘ fj

A second problem with the elevators. In some buildings, P

sed: the heat from the person's finger’

actuated ghe button circuit to call the elevator to that floor. The

.
-

device was attractive because there was no meehanical switch to cdose

{and hence to wear out). Unfertunately, with a hot fire on a particular

floor, all elevators were automatically called to that floor. The obwlous

., »
answer here is to return to mechanical switches or buttons actuated by

L

the change .in electrical capacitance when a person's finger comes near.
. : - >

Furthermere; computer-controlled elevators should include special programs

. n : —

certain elevators for fire-f}g%ting personﬁel and schedule others to assist

i 4

3
éﬁzaﬁghpecific examples show the range of current, engineering research

\

» ' . +

programs are underway in such areas as injurious side effects of chemicals
and drugs, both those administered directly to people and those which

: | .
ultimately reach people aftgf use with animals, as fertitizers or insecti-

Lid

cides.

6. Conclusion

?
d '
The most interesting feature of this field of em2rgencies or accidents

x
. |
is that the major effort by so many federal agencies td cut down the

-




is 1llustrated by these actiyities:

is the totally changed, Washington attitbﬂe which undoubtedly reflects 1 ;T?$a'

’ ' : | -

¢ . : . /
’ I3 . -

hd

i

Auto safety program -- Department of Transportation

.Emergency medical service§ : '
y ‘Department of Health, Education

Chemical accidents * 7 .and Welfare
Fire research ——.Department of Tommerce

Reduction of earthquake damage -- National Science Fougelation ¢

\\.; Eontrol of radiation damage -~ Atomic Energy‘CommissiOn ' A

Most of the other cabirnet departments and independent agencies have najor

. . . '\.’\ '_\. 4 .
efforts in the reduction of accidental injuries, deaths, and property '

.
. 4
¢

losses. :
- . ' .
Yet all of these programs have either been initiated or at least

.

gained major status only in the last five years. The emphasis“has érﬁyq

N 1 ._.‘. - * =

~ -

from Ralph Nader's crusade and the entire consumerism and environmental ‘¢’

movements. To a-scientist or engineer, the most remarkable manifestation -

1]

‘public opinion. : & Y

. v ' .".\i'\;

Less than a decade ago, science and technology‘were\?andsoﬁely supported
by the federai_government pricarily because science was inherently desirable

and good. 'Today there is a widespread opinion that science and techrology

must be selgctivély supportéd to ensure emphasis on developments which .
may improve the quality of 1life for everyone.. Technology is good. insofar
as it serves the public purposes;, science must find an appropriate balance

- f ‘ -
between augmenting knowledge for the sake of the beauty of knowledge alene,

and‘contributing to the amelioration of major national prabléms.

As with other majer social movements, one can trace the consuzerism

-

emphasis far back in history. About 2050 B.C., Ur-Nammu (founder of the




. | R ; | N
‘Third Dymasty of Ur).introduced official weights and measures to restrain

diShonest merchairts.

"let the buyer beware' was géﬁerally accepted

What is new in the last five years is.the location of this mqvementj“

En a central position on the national ecehe."By 1972, 43 of'thg states i

*
. -

By the Roman Fmpire, the motto "Caveat’ emptor or

*
-

\

.o

* had governmental offices to aid the consumef}‘39 federal agencies and .

. N . . [
departments had specific responsibilities and programs. -

.bombarded by relevant news_stories.in‘tﬁeﬁpress and'oo televididn and ¢

rédio.

and economic developments.

bute major contributions to Vader and” his associates- and to the. forces

But ‘any studyfof causes wouid have te attri-

The public was ~

I 8

This change obviouslty resulted from a variety of social, political,

> l

+
- EER

brought to ‘bear on the government by the concerned young people and

{
minotity gnoupo.

The national emphasis on the criticaL_imoortance bf

soclo tcchnolqglcal problemo ‘has led to an inﬁgohencé that sciencc poL}cy

»

(gs.well as GCOHONLC policy) accept a responszbillty 2 contribute to the

qualitg of‘iiﬁe.

,,. i

Yet‘fhc ﬁrob?ems are not trivial

2™
Q

problema oftcn sccm Lo have no obvious solution

- . <
from the subject of accidcnt‘

trates the difficulty.

L
»

.‘ L)
-~ 3 ' o
- -
. - . PRI
- - e . . . s

. . 2
.Even the simple, clearly,deﬁined

f‘\
One fxnel oxamplo

which is the thrme of this chapter, illu

. ,-o
-

The electric, pop-up toaster has heating coils suf%ounding the bfeé&.

o~
M

a knife or fork to try to pull it out.

%

on, thére is a serious danger she will be electrocuted.’

~
Y

"jif a slice of bread ®s stuck in the toaster, the housewife ‘commonly uses -

. _ ’
If thé toaster happens to be still

While the number

of pcople ﬁilleo is-not large, this seems like a totaldy unnecessary risk.

The tethnological solution is easy.

115

P

’

The heating coils are simply

A

/

drawn_
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eneased in a substanee whicnnﬁs‘én electrical insulator"tjuSt as the coils

[y

on a range) Unfnrtunatel), there are two side effeots. ‘FirSt, theenew

Y
-

‘model is slightly more expensive thaq the convent10n31 toaster. Second,
because the insulating materlal also hinders the transmission of, heat

‘(by a basxc law of ﬁhysids), the- new model is slower toasting.

-

Récognlzing these limitatlons, the? apﬁroprlate government regulatory

¢ .

agency reelly.hésvonIy one opt;on.

Y

« 2

. ‘.

]

.’

aise a variety of questions: .

government Lo try ;o proteet everyone to a rldlculoue extent’

(2) Does‘the increaeed cost qf the new model mean that more of the

B 9

, L

toasters areAusedlis to require thd sefecy,featute.

The only way to ensyre that the new

9 .
Such an action would

»

(l) Is thisﬁcarrying the role of governwent too fat? Are we using

vet

fe
i

| econ0micall; dLSadvantaged are’ moy depr;ﬁed o?xghe convenience of 'a toaster?

s v

/! s

(3) 1f todstar sales are signﬁiidgptly raduced what happens to

-

b
r e

'3

e,

Ai’ -

’e

-

employi?nt in the industry*
)

(%) Can the public be eduqated 0% inforned about the situation?

(5) If goaster use dfgps, will people find a new way ‘to accomplish

. "the same goal; if so, are even more accidents then likely?

e .

) While the toaster’éxample {5 'certainly not very significant unless you
. [

-

L .heppen'te“hhﬁe a friend or relative whq has been a victim of such an

}‘ . . : ‘ ‘ ) S

Y
accident, it does .point out the difficulties we encounter as we attempt

¢

‘to use technology to decrease the frequency of accidental injury and

" death. N . . ) | ) Y

L
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) ’ CHAPTER 5 -
DECIéIONS

Will ahortion be legal’ Will a new airport be buiit a mile off-
shord? While these two questions are certainly unrelated in substance,
in several states the# are both strong political issues. "The abortion
question chen‘ié vfewed as a strictly meral and ethical questionk
5though a different part of the electorate emphasizes the aspects

based on social science and medical science. The airport question, in

contrast, 1is 1lik21y to depend on environmental science and econcmics.

. is likely td'be based on the publlc understandiné/of the scientific

knowledge related to the issue. Certaﬁnly public opinion can be strongly

-~

directed by emotional and political ‘argumcnts, which may even distort

the scientlfic knowledge. 'Furthermor¥, certain questions nay be so

N

strongly moral that the scientific elements are unimportant. The bas

~u

.

article of faith on which this book is based, however, is that in man9
cases the)decision is likely to be better, tbe more understandiag the
public has of the scientific issues. -

The ultimate goal of technological literacy is better gdecisions.

‘If we censider the airport-location.problem, tcchno}cgy can not solve

‘does no damage to the total environment. Technology’can present to the
il

public and its pelitical process a picture of the options-—a model of the
prohlem which ineludes the advantages and disadvantages of each alter-

native. y : N . -

The. decision in either case (and certainly in the airport preblem) o

\\ .

the problem--it can netiprovide an cconomic, convenient location which
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Furthermore, technology can present some understanding of the
decision process. Once the problem is understood, how can the decision
be made? In this chapter, we want to look at a few of the characteris-
t{fs of modern decision technlques. Given an understanding of the

problem, how do we make an optimum decision?

1. Drup Control as a Declsion Prob%em

The quality of life in a large city depends on a host of different

factors. What fraction oﬁ.the people is on welfare’ Are jobs increasing?

¢ ¢
Are schocls good? Ts health care available for most of the people?. Is

/
transportation cheap and convenient? Hhat is the air quality? '

/ . -

_.. These factors are inter -related:’ When we ta“g\sg\action designed '
' Lo i -

to improve one aspect, we are likely to have a major impact on others.
In this senseg the city is a zetem-—indeed ene/whlch is incredibly more
complcx than aniy system built for the Space prpgrnn or in industrial

¢ IR
automation. - . LLme S 2

‘This city system is like an §§;lated balloon. SﬁEn we push in at

- ) . ¢ . ‘
one point it bulges out somewhere else., If ve impnéve%mass tranSporta~

r,‘

tion (53% example), we are 1ikely~to find taxes ris in%, then more industry
leaving &Ee city,. and flnally a more severe welfare andfunemployment

problem. Better commuter transportatlon encourages the midd}eﬁclass to
: HeouTe !

] ! ) : ‘ ! ' Iy .
move to the suburbs; in the céntral city, héusing deterioretes,kcrime
) - ‘. v
' , . P g
incteases, tax income falls, and so forth. , ‘ ’A

. f

- ! . //

/
This example alone leads to a very pe551mistic attitpde with any -«

urban problems, maybe the best approach is to do‘nothing.‘ Possibly the

1

cpre will be worse than the disease.




7 )

- Naturally, no one can accept 'such a negative attitude. There is

a problem, however,.in finding the rig way to impact a, city system.

- e,

What action or combination of actions wil% yield a net positive benefit?
L]

Counter—intuitive behavior

Jay Forrester has used the adjective "counter—intuitive" to.describe

complex systems in which the result of an action is exactly the opposite

A

of what one<wou1d expect~ftom~simp1e or intuitive reasoning., Eor example,

a principal public effect of widespread'drug addition 1is crIme, especially

. f
burglary and robbery. In order to reduce the crime rate, the government

~/ ' '
launches a major program to decrease the supply of heroin. As a result,

the price of heroin rises sharply, "and more addicts turn to more’'serious
robberies. The net effect is counter—intuitive: an anti~drug program
: ' - - ' ! -
leads to increased crime. Furthermore, the higher heroin prices attract
. : L4

ry

into the business more experienced criminals. With the incentives of
greater -profits, criminal efforts toospread the habit among teenagers
are intensified.

Thu#, a stronger anti-drug campaipn can lead to more oi{mé and a

larger number‘of addicts. Onc might suppose, then, that the undesirable-f

effects could be redueed by the opposite approach: easier access to

A

drugs. The British tried this in the late 1960's, inde4o even glving

k]

drugs to addicts. The result was a rapid incrgase in the addicted

population, simply because of easier access. From the economics of the

| )
criminal side, thn the price is 1ow and profits are sma;%, a large N

market niast be created to maintdin total profits for the distributors.

»

Finding the optimum | ’ .

Just the arguments above show that either the crime rate or the

!
114y

* )
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1 l[’z - T : )
aumber of addicts depends on:the strength of the government anti-drug ' '

¢ . e

progran in a complex way--pethaps as shown in Fig. 5—1 There is an,

RS

optimum point at which we should work. The government control program N

should be maintained at level X. Any change from this level in egither

L]

. L Y .
direction ;esults in a worse situation. We can not reduce the additt

. _ population to zero (any more than we were able to stop drinking during

A

Prohibition); we’have to try to 1ccate the best possible gevernmept

. Al L .
« program. : -
] ' 3
~t e ' - {
Addict population
or )
crimE'rate P »
. /" ~
. ’ . _ . 1 .
. . . .
LT ‘ X Strength of gévernient
: ‘ s control progranm 7]
Fig. 5-1 Number of addicts as it depends on the
. intensity of the control program.
. { -
The problem is even worse than described above. At any giyen time, M
. . —
we do not know the shape of the cyrve in Fig. 5-1. All ﬂe know 1is that a
we have a certain strength or intensity of the government control program,
and‘that‘the addict population scems to be at abesut a certain level. We -
pnever can measure the addict population with any real accuracy or confidence.- M
4 ’ :
. Thus, we oﬁly know that we are 1ocated some\here along the line segment (,
of Fig- 5_2- . . . .
' . ‘ Addict population ~x v
] ’ \ . »
. Present al ’ . .
;" value is in { . ‘ -
. this region { , ' : : <
’ | < . . . .
*~ . | ( ‘
| » . Present Strength of governmént .‘\\~~
strength ontrol program .
Fig. 5-2 The extent of knowledge at any one time.
o ‘ . s
¥ : . , , - -
. e Bl \.
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If our goal 1s to decrease the.SLZe of the 'addict population we
. . §¢
need to know nhether we are to the right or the left of the minlmum of ) »

~, T -
In which'direction shoqu we change the strength of the

‘Fig. 5-1.

*
government control program to cause a smaller addict population?
‘ »

The first thovght might be to increase sllghtly the control -program, -

then measure the new addict populatiLn. Iﬁfthere were a decrease, we o
S

would dcduce that we originally were to the left of the minimum in Fig.

5-1--that” the-control program was too weak. . By intensifying the control

program step-Py-step, we can move steadily toward operation at the mirffmum
» : .

&

point;

.

.

Q@

This search for the optimum is fllustrated in Fig. 5- 3. 4Here we start
‘ i N ¥
at A. We intensify ‘the cogtrel program to Bfand the population drops so

we are at C., We again intensify the program.to D, the population drops

to E. This "seatch" technique continues until we-paés the minimum or -

Then a further inten51fy1ng of the control program causes the .

-

pbpulation to rise.< As soon as thls effect is observed we back up and

-

optimum.

rest at (or very near) the best possible condition.

e ‘@
# ."!‘ ’ “ s, * +
. sddfer 7
populat:ion \ /. -
1 / -
N Starting point // - ;
o ’ -
bﬁi? oo -
' rh"‘)'u— -7
E 7 §
) ’ - Strength of control_program

-

Fig. 5-3 Search for the optimum.
. . - \

~ -
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Tbi;'search technique for finding the optimum is a fundamental

- s
A . o g
concept of modern technology. The human being uses this hunt-and-try

«

‘approach in an enormous variety of tasks. ‘When he goes to bed té‘sleep,
he searches fér_a maximally comfortable position; driving an automobile

on the open road, he tries vérious speeds until he homes in on one which

*

results in a desirable compromi e‘between driving comfort and desire to

minimize travel time.l ‘ .’ .-

Unfortunately, in the éddict—population control problem, the method

is not very useful, primarily becadse of the fuzzy model *shown in Fié.

542. We just can not measure the‘population size with any accuracy or

. . ]
confidence. Consequently, when the control program is intensiﬁiedj(Fig;

. . ' h . .
5-4), 1t is not at all clear whether the population has increased ¢r
. '’ ! (S } ol }

decreased. ) Lo i

- -

e, Addict ' | | L
popqla{i?n :

- . . , .
‘ . B . .
. . A +" . . - k
L ‘ .
. 1 T .
: f '
: . i
L
) T

* .

c

£

-

AN

Initdal - ﬁew . ) / Stfength of control
strength strength . program

fromes  aomn oo woe
-

*

-

Fig. 5-4 The problem with fuzzy measurements.

. .
. ..
e i e e e e e i g i - {) .

1. This search technique is the basis for many of the systems designed ]
recently for the space program or for industrial automatien. The system
is built to scarch automatically for the best operating point. The fact
this approach works in such cases and fails in the drug control problem
is a result of the much greater complexity of urban or social systems.

o
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Initially, we are located somewhere between A and B. The control

-~

-

program is intensified. gix months later, attempts to measure the popu-—

.lation show Qé are somewhere between C &hd D. The two bands are:so wide,

the uncertaintles so great that we t can not draw any conclusion.

Furthermore, in that six-moneh peried; other social and economic ehangee
have occurred which nay well have totally oversﬁadowed‘the effects of the

change we put into the system. ¢

Thus, we are faced with a problem in which it is probably impossible

~to find a best ‘decision. - ' “‘ &

e d -

2. Complexity of the Drug- Control Problem

As described abeve, the drug centrol problem is enormously simplified.

\
We have assumed there is only one way io impa¢t the problem: we can

. S I
‘inerease or decrease the strength of the government control progfam.

Similarly, we have used only onc measure of the seriousness of the problem.

*4-
the addict population. Even this seemingly trivﬂhl prohlem appears to

» -

% - [
‘be insclvable. . ' ‘& b .

- . 4 .

"In aetuality, the ‘problen is enermously:more complex. Even 1f we

. 1 -

restrict our attention to heroin, there are many different parts of a

government control program. A decision on an optimum program has to
. < ,

include descriptlons of what effort to put into each of the various

- v -
directiens. Furthermore, the seriousness of the problem is also multi-

. *

dimenrienal (if we use the terminology of modern technology, where we

simply mean that there are nany different measures: which must be considered
a : . -
to obtain an overall picture of the magnitude of the problem).
First, with respect so the various dimensions (or ﬁerts) of the control

program, the government trics to impact three separate parts of the system:

(¥ Manufacture .

— “~
L‘ 5
L |

®
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(2) Distribution _ . - -

(3) Addict treatment

In the area of manufacturing, there has been considerable publicity

-

given recently to the U.S. attempts-to reduce the poppy growth throughout - ° .
*the world. The U.S. relations with Turkey, northern Africa, and south-

eastern Asia have been strongly influenced by the problem. (Burma,

Thailand and Laos represent the mﬁgor opium production centér) With

2

the improved cameras now used for satelllte ohservatlon of the earth s

surface, it is possible to determine the locations of poppy growth.

The prop sal has been made in the press that the U. unilaterally should

—— .

eradicate the poppy crop in any nation. which refuses to control growth,

through use of selective herbicides ‘and biologieal methods.’

-

There are two obvioqqrweaknesses in any proposal of this sort. First,‘

-~
A

what right does the U.S. or any group of natiens have to control the

agriculturalfectivity of anotherléeggtry?- Second, and perhaps even more

-

. important, the prices paid for heroin in thesU}S{ ere‘signifft\ptly
higheréfhan anywhe ™ else in tﬁelﬁorld.z ‘Consequently, a shortage of

heroin w1ll have little effeEE on the U. S. supply unless the, scarcity is

acute. It has been estimated that 95/ of the world' s poppy crop would
have to be destroyed before there was-a sigﬁiﬁicnnt decréase in the U.S.
availability of,heroin: The poppies can be grown %n relatively small

- and isolated fields; only 10 square miles are required to supply the U.S.

addict population of 560,000. Thus, crop eradication scems totally

-

. S—— 2 — " g—— ——— ——

1. Different agricultural products give different photographie §ignatures-~
that is, different combinations of coler and heat radiation. '

2. The U.S.addicts confume between 7 and 10 tons of heroin & year, an amount
made from at most 100 tons of opiun--a& small fraction of the 2500 tons
produced annually in the world.

121
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. “unpromising unless one ,Kk'es the global view that it would be desirable -

.
]
1

to reduce the worldwide supply of heroin. \
’ N

(;; Tﬁg manuf§c;ure pﬁése encompasses not ohly the growing of poppies,
but also .the processing of opipm to create the hero}n. Aééin, it is
xtremely difficult, if not impossible practic;{lg, to impact this éystem,
with its many small, low—capitallbusinesses.scattereé so widely over the .
world and with the gxtraordinary profits as;ociated with sa!é; to the

L)

United States.
v'

Because of the ‘publicity given to the manufacturing in Marseilles,
France, a Long Island group compaigned during 1972 for a public boycott
of ;mborted, French wines until the .French governnent closed down the .

. processors in thaé‘countfy. Even if such a boycétt ;ere effective, there
1s no indication that there would.be any significant change in the U.S.
sgpply of he;oin (although there mi§h£ he benefits for the New:fork
and California wine growers--one would imggine‘they would be enthusiastic
supporters of the boycott).

If-the manufactgring part of'the/;ystem can not be sigﬁificantly : ceoe

'?affected within moral and diplgmatic constraints, perhaps the distribution
network can be. The first'thought is to close the sourcelof supply at
the pcin&lof‘entry‘into the country--specifically at customs inSpection;

Conpared to most of‘the othér‘advanced countries of‘the world, the U.S.

~ already subjects entering travelers to an unusually thorough inspection

_of luggage and packages. To detect the smuggling of heroin in modest

quantities would require careful searches of the persons of all epfrants.
—~— ) 4

Such a procedure would certaiﬂiy evoke .loud complaints frefm individu-

alngBnegxgES_with the inconvenience, long time delays in clearing customs, .
’ L

3 - * . ‘

IS5
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and infrlngcmcnt of ind

" {nation of carry-on lug

airplane hijackcrs led
!
government or airlipe. h

the consent of, the owne

¢

ividual rights. In 1952 the very cursory exam-—

¢ «

gage at alrports in thc hope of dctcrrxng potential ..

to a series of court actions arguing that *the

as no right to search personal belongings without

Y. (Incidentally, these inspections did also

¢

uncover numerous cases where air travclers were carrylng illegal drugs,

£

even though chefcked baggage was not opened and any {1legal materials could

have been shipped there).

f 1 ’ 4 £
L

Affecting thc'distribution systen after the heroin is in the coﬁntry

is equally difflcult.

Even when a distributor @¥ retailer is ar:estcd,

f r
he is often free on bail within ;\;Qx.or two at the most. The Japanese

have takcn the approach' that the arrest can cnly be effective if the'man

-

is kept off the streets long enough so that the distribution chain is

broken loqger than the

addic?geaq\isleratc. Consequently, they use a

special Fmpezor s arrest, which allows detention for four weeks without

bail A similar procedure in ths country would ccrtainly generate ferment,

4

¢

and solid cbjcctionq fnam thosc deeply concerned about our philosaphyx

¢ f

that a man is assumecd 1nnccent¢untll‘actually proven guilty.

LY

'

A basic prcblém in impacting distribution {s that so little apparently

- ! .
is known about the dotallcd structure of the systpm.. In oxder to decrease

the signal flowing éhrough a cydtem, we nced to undcrstand thc various

routes from source to consumption and the fraction of the flow along each

2

’ -
of the altcrnative paths. Otherwise, we are likely to exert major effort

13

to close a path which is_actually minor, orf which can easily be bypassed.

~

N \ . -
known manufacturing plants to continue operating, since shutting them would-

One proposal to learn more about the distribution network is to allow

¢ ' -~

A

T

e e e Al oen A ol W
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' .not decrecase supplizs much anyway. At these factories, distinctive

- radicactive. tracers would be added to the heroin. Then, when & supply
/ . v ) )

with this tracer is founrnd in the U.S., we would,athlégserknow'the original’

u , )
source. Hopefully, over the years, a picture could be constructed of

2

the distribution network..

Finally, the government can also attempt.to.influence addict treat- ¢

-

ment, or more generally the pdbulation of addicts. In addition to the
various rehabilitation and maintgnance programs, such as the methadode
effort, we would Enc1udé here the educatioh programs now becoming so .

-

..’com@onplace.in ;hc‘schodlsf 'y .
» - ) .' ’ :
Evaluation of these education programs is‘no easier than many other

)

educational endeavors, and serious questions have been raised as to the
usefulness of school courses. There is a trend toward moving such efforts

fromfjkc high schools into the junior high schools and the upper elementary \
«3

. grades\(drugs are the majo¥ cause of death in New York City between the .
¢ \ * ‘ : N .
ages of 115 and 30, so the emphasis is on starting the educational effort

. . : ) . A
when the student is entering hig” teens). B ' . “

.
-~

b

. TLven the very brief discussion of the #tug-control problem in the -

preceding paragraphs is perhaps sufficient to emphasiZe the awesome

-

difficulty ot~e3€iving a ratiopal federal policy. Ve have not ncntioned

the major sociological and psychological probléms: what factors in the
; ‘ .

environment or the individual personality place certain }oung péOple in

.
*

a high-risk category? What social, educatigpal, and home life character— _

IS M
B L&
-~ 3

-
isticzﬁjgn be strengthencd to redude the number of young people using drugs?

broader terms, this countryifaces the fundahental question: Is
L LY ) ’

s el s . .. . .
drug use an epidemic wh;ﬂp can be.eradicated, or is it a natural consequence
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of our ,present way of ‘life? If the latter, does this pean that we have
Y
to accept a tertain level of use and addiction in the foresceable future?
1f so, our efforts should be directed toward determination of that minimum

jevel and the national and local programs associated with 1it.

1

These first tuwo sections have discussed certain aspeéts of the drug-

)
.. / S
control program in order to emphasize three characteristics which are-
AN
)

' associ1tnd with ‘so many of the decision problems discussed in this book:
(1) The cxistence of only the vaguest and most inadequate models/

(2) The importance of probabilistic situations«-we can only sPQdk in

-
L terms of probability; we seldom work widﬁfﬂxuations-in which a

cerLaln.pplicy can have one and only one result .

'(3) The fact certain problems may ju§t not be solvable, at least'motl
) .

fthe' way we would wish. . ‘ '

i . ’

T ’ ’ .
_ In the drug~control. decisfon problem)possibly the .dominant feature

: -~

is the ncarly total-lack of rcliable# quantitative information for the

- £ °

model. Verg;_very little is really known about.the system. Any quanti-

tative model must include many estimates OT guesses about particular‘ ~

~

parancters. - -

. .

The fact that the model is so susceptible to error alvays raises
- . "‘ : i
the question: is there any real value in using the model as a basis for
decisions? Since we adnittedly know so 1ittle about the system, might o

we not make better decisions merely by using our intuftion or our "feel”

"for the problem? Does an attpmpt to be quantitative really help when the
' {
problem is so poorly defined?

There is no sﬁmple answer to these questions. There obviously are

L]

b} »

vl

£ \:.i 1
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,é} problems in which tife hunch or intuition of the person who has to make

the ée;ision is ‘at Meast as good as a more logical or analytical approach.

Man is remarkably good at making decisions just by thinking about a

- B

. , :
There are, howegcr, many decisions in which the more information we

]

,pFoblem longz enough; <%

can obtain, the better the dé‘ision. As the amount of relevant data grows,
LY & .

it becomes more and more difficult for a human being to make a‘logihal ’ ™

”*

decision. Then he has to turn to mathematlcs or analysis; if tfe data

are sufficiently plentiful, a computer becomes essential.
s This concept of !'the better the decision, the more, relevant aata ‘
upon which it is based" is illustrated by a famous problem in decision

Y

. . - {
theorytl We are all directors of the U.S. Widget Company, the manufacturer

of an outstanding line of widgets. As often happens with a Board of

<

Directors, we have no idga vhat widgets are or how they are made. We do
; d :

. B s ) ‘ '
(ﬁggéA;Lat the company”qén producé exactly 200 each day. Furthermore, the

r

widgets are made in three different colors: féd, vhite, or blue. Because

, .

f

tpe manufacturing process is so complex, each” day the company cam make
’ -

. only one color. ‘That is, all 200 widgebs made on any one day must be the
. R P . . -

"~ sauc color.

4

Lately,“the top managemeqﬁ andEBoaxd of Directors have Leen disappeinted
L A ’ * . . '
by the laek of growth in sales. We believe that business and economic '

FY ~

growth®is an cssential characteristic of a healthy organization; otherwise,

——— ——— o — -

-

1. A fuller discussion is given by lyron Tribus in the lﬁER“Transactioné

on Systems_Scicnce Sﬂﬁﬂgﬁiiﬁﬂﬁiiiir ssc-4, 3, 9/68, 24148, Detween

service as enginecring dean at Dar:mouth and Xerox vice-president, Tribus
was Assistant Secrotary of Commerce for Science and Technolozy. In that
capacity, he made important contributions in his attempts to apply decision
theoxy aad engineering concepts to important socio-technological problems—-
e.5., the establishing of flammability standards for infant nightwear. ’

A\

Q. o Y sy
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new- peoPSe can be hired only when someone leaves or retires, and the B

organ;zation teﬁds to be incr9351ngly domxnatcd by old men. To sti*ulate |
growth we on’ the Board have just authorized the s?les force to laun;;(d. | .
‘campaign baded on the promise: "Doublglyou; money back iﬁkwe don t deliver ';fJ
. an order w1thln 24 hou;s." Ogviougif this }s a dangerqps campaign; if ¢ ".f 72
. t?d‘Fompa%& is E?o'successful .1; ll~éo bankrupt sxmpIy because of tﬁef/ | ‘-’ |
limjted production capac1ty But desperate measures are needed. - ; f.?
Whéd the éoardlapproved this‘saleé cggpaion, it discussed #t length >
: . \
the p:oblom 1mposed by the 1im1tatlon that widgets ofjonly one color could

-
-

be manufactured each day. 1t qas obvxous to the Boayd that the decision
/ ' P . -

each morning as to what color to make that day would be: critical to¢(§e

company's success. ‘The color manufactured nust be tha£ whlch will minimLQ; -

L ) f. - \

the possible loss ‘'resulting from the "double your money back":guarantee.

'With customary modesty, the Board‘decidédfbnly it’cduldnmake‘the:. . o
decision. Consequently, at 9 d;m./edch’mofping:‘thc derd méets to vote C
on which‘cclor to make'thaﬁ day; N ' )(\ | )

| .‘We sow have completed 7/& bdcklground f‘oij tfhe Gedis;ian prdblem. "Jihei . /

Board convenes the first morning to vote. “I'he President of the congany -

has anticipated that-the Board members will_ﬁhve no idea how’ to vote unless =~ -,
- . . .

‘they have some information, / Accordlngly, at 8:45 he called the wgrohouse

and asked how many widgets of e&ch color yere then in :LocL. The numbers

he reported to the Board are: -
- ' .

‘Red . . Vhite . Blue
/ N . ’ : ; - o -
Number in stock ’ 100 L 150 ' SQ . -

-+

The Board met and iearned the above data. vThe.discussion was brief

-
- - .

(there really wasn t much to tal’_about) Everyone “who votgd seiccted Blue.

LY
-
L] 4 [ 13 B . . +
. - -

/ Lo
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4

Several menbers refused to vote; they claiméd they didn't have sufficient

ipformation to make an intelligent decision. Actually, by refusing to

‘l vote, they really were saizng‘that they would lecave this critical decision
to the‘othefAﬁembérs;ipresumably the non-voters felt that they were‘less

able to make an intclligent decision than their colleagues.

y » - :
Durinﬁ the discussion, several Board members demanded that they be

provfﬁed with more information. 1t was'finally agreed that, as soon as

possible, the Baara would be told not only the curremt inventory, but also

~

the average dally selllng rate over the- past_six months. A few' days later,

the* following information was presented to the Board: -

-

f\‘ \! : : Red ‘White Blue
Number in stock ‘ 100 \ 150 50
Past average daily selling - 50 - 100 - - 10

W - rate ) ‘ P _ ' ﬁ o
‘Now the vote!wac no lénge£ unaqiwous.' The m$5drity sélected Nhiteb |
(which ‘fndeed is mathcematically the best or 0pt1mum decialoh on’ the basis
,qﬁ\these data onl;).‘ SLver§l hohevvr,‘still voted for Blue or favorgd Red 1
Tﬁe fizgt line is the same as in the first vote,; Does the fact that
péople changed Lheir:mihds bacause of‘know}ng ghe additional data meaﬁ_é - - of
that the earlier decisi9ﬁ for Blue was Wrizj " of ccu;;e not. Tﬁ‘simply

means that additional -data allow a more iniolllgcnt decision. As the

Board members learn datails of the model whitch describes the systew, they

——— S o i e e N B i e e it Rl e it 3

1. This entire discussion of the wid ets problen can be nore effvetively
presented in a group oOr class discussion. Tne groudp serves as ‘the Board ‘
of Directors. After each vote, a spokesman or two from each @ement is
selected to gresent arpunents for.his vote. After these arguments and
discussion, 4 revote is taken before’ the next stage of data is prescntcﬁ

| )
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are able té'make bettef'décisioﬁé.“Ong.ﬁas to maké the best possiﬁle

A - .2
\

decision on the basis of the avallable lnformation. ‘ o - o

\ Impressed by the mora knowledgeable dec1 jon they were able to make

- .
t

’with more data, the Board then raquested any addgtional infcrmation the
“ 0
. management CQuld-grgyide. Sevcral days 1ater, the following medel was -

presented ‘. ' f'b ; o .. T . .2

, . | < © 'Red . White . Blue & -

. ‘L A

o

~ Number in stock R .‘ N v w0 . 1s0° 50 ) ;

- V] Past average daily selllng rate A 50 - 100 10 B

Averagé lot size ~ - & -. . . =75 20 . 20 o

g For each colar, the average ]ot siae was determlned—-that is, the total .
i’ N ~ : /‘
number ordcred over tha paqt six months dlvided by_the numbcr of orders.

When people buy Rcd widgets,, thcydgend tororder large numbers. With Red‘

there gre on the average only twa ordprs every ;hree days whercas with

-
.

-

. White we can anticipate’ flVe crders 2 day.

» .
-

Confronted with these data, gcveral of tha éb rd members pondeved

-

. for a long time. Qnge member oxprcssed the wish thau hg knew more-about

- : 3 i
! »

\
the statmsLlcs of the vyrtcm{' For exampla _how aftcn can we cxpect two

B

¢

orders ggx\igd the same day; how often do a day s orders exceed the nunbev g

v

now in stock. ‘

.

. _ ,
When the vote was finally taken, the 24 direétors dividad 9 for Red,

-

. o ‘f.x ’
9 for, Vhlte, 3 for Blue, and 3 refusin° to vofé. After egfprts to convince

4
]

the threc abstaincrs to vote failed brlef arguﬁonts vere heard for both .

Red and White. Then the Directors were.asked to_phoose between these two

alternatives only The winner was Red. (The result again is actually

i in agrccment with the optinum obtained mathematically; “the hunan being

. ) ‘_/‘4.\:
Q ’ ’ (?') -

. ) . - Mot .
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is quite good at optimization).
As the dlrectors were preparing to adjourn, the phone rang. It was
the star salesman calling to report that last nlght he had been successful
in landing an order for 50 Blue widgets. " Since these were now solde and
i - .
the day was just starting, the data above really shouid be chaeged: -\
. Red White Blue
~ - Ce - ——-_T-
Number in stock , 200 - 130 50
L , . i \ \
Past average daily selling rate 50 10 10
. Average lot size 75 20\ ° 20
Number sold before day begins o 0 0
‘The Chairman of the Board hurriedly called for a revbte. What do you
suppose the result was now? What would it have been if the last sile had
. . - <

Been’éo Blyce? 40 Blue?

Commentary:

_ ’ .
The intexeéﬁlng fefture of this example is the way the decision changes

i

'as‘more data are colleeted. At each stage, the dec151on mader iR correct
. : - ..
it is optimum. As.we know more, however, we can make a more learned or

more intelligent decision. But even the smallest quantity of data (the ,

ntmber of each ‘color now in stock) permits a better decision to QF made

than with no data available at all. .
—~ “

The fact that the new data at each stage changes the decision means

*
only that these new data are themselves sufficiently improbable that they

-

do change the structure of the problem. When we make the first decision

‘on the basis of only the number in stock, we assume that the average daily

-

selling rates are essentially the same for the three colors. To change

-
&2

7 . ' .
" the first decision, these rates have to be markedly different ﬂag they

o [es
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. - \ s -
actually are when we have selected the numbers for the second row).
. c“. . . - . . R . . :
Thus, the argument cf the decision theorist is that one should make

\ . N - '~_ :?.‘ ) -

the optimua decision on the basis of. as much ?;formation as can be obtained.
. . ' . ) ' . \ -

In broader terms, the cost of collecting more data must be weighpd against

the increase in the yalue of the dec1sion resulting from that.better data;

~ ~

L

-

people have to be ‘hired just to collegﬁ/informatiﬁn. At some point the’

st of data collection exceeds the added/balue. " ) .
Furthermore, the example.dipérstraze; ﬁhe £ncrea§e in thgadifficqlty

b£ decision—mak;ng'as 1nformatlon_incr?ases.;ﬁihu simplistic solution is
’alwgys gaéy to find; one néeé; to kn&@ pfactiaali% nothiﬁg, an&ipne's ‘\

mind is.unclutgcred by "qonfusing," contradictoyy facts. As ye‘leaﬁr ' ﬁ‘
. é . . ,

nore about‘éﬁgnificant declsion-problems, however, it becomes clear that

. L -

\ -

We always have to strike the best possiﬁle
\\,

there is no ohvious answor.
’ [N ‘ ¢

dompromiqe among, ‘the confllctlng demands and pressures. .

e

Even dn the simple wldgetq proble 2 slipht increase in information
¢ . - ) * ’ ‘.“, gf.“‘” -

\ . PP I
. world move the problénm beyond the limits of ordinary hunan understanding.

For in tance, if for TOWS . 2 and 3 we give not only the average° but also

! +

R # oo : '
the probabilities of different amounts, tha problem is so complicated

. - ) AR

that a conputcr is dCSqubl& ‘to flnd the best deciqlon.

£

" Then we, must
& \\ .

also decideAfirmly on what‘ws wish to optlmlzg. do we want to maximize

‘the expected company profit for the day, or to minizmize the.pbssiblellosses

L

from‘inability to fill-osders? In otﬁérlperms, we Tmust select the griteripn

. .
f -

" for détermining the best decision.

N . |
~ The 'widgets problem'opitomizcs %n important object of ,this bock--

!

PO o ' . .
LY . ry . - ‘ ) »
the demonépratxon that the wlqﬁom of decisions increases as the '

[N . o 7
k)

'Lc.‘q" . ' <
P T :

Evet in the widgets ﬁroblem, the Board can demand so/Fuch déta that extra N

.« . Ao

- ‘ W




understanding of the 'system becomgs more conplete.

‘a . . ) . )
© - s ’ o ‘ ‘ . "
4, Simple Choices L ' , .
. . ' )
s The easiest decisions are those from among a small number of chepices.

In this section, we cite two. exaﬂples of such dec151on problehs. Each
Ny p L] . ,
of these depends strongly on the concepts of probablllty and $tatistics.

.. -
-

£ " In the latter, the best dec151on depends entirely on the. probabilities

-

ve assign to various events. In this sense, the three examples illustrate

’ +
. » *

-a Eritlcal feature of most decisidn problems: we have to make decisions
4

on the basis of what will probably happefl.in the future.

Election—nieht predlctions . \ _ o

In the United States, we are now,aecustomed to relatively brief

-~ eleetioﬂ evenings. Shortly after the polls close in"any state, the
] . ’ e "

television networks are predicting the winner and estimating with aston-

e ishing accuracy his final percentage of the vote. A mejorffroﬁlcm arises

v

. ’ .'-. '3 '\.- B B - ’
. because of the speed with which a winner 1s deflkred; in a nationhl ‘election,

the winner is usually knéwn beferc the polls have even closed in the
hestern states.

This s;stem of hlgh—Speed predlctlon 1s quite new. As late as the

\

1964 clections, each network collected vote information independently. ="

‘ . ~ - .
Then the News Electiop Service (¥IS) was orgpnized; now the three networks
- e ’
. . _

<@

- - ‘ ] . e e
and two wire services report for each state on the vote totals which -

- « 1 ‘
come from NES. (For thig reason, the totals shown to the public on the
’ » '. - ! .
;Ls are the samc during the eveninO) Thus, there is unified coverage
¢ et N - .,

of the l75 OQO prec1nets and 3000 eountleq throuOhout the country.

&
. ' . Freed of the need te‘collgct vote tptals, eaéh network foeussﬁs its
Y ) - 3 . . ‘,‘

. <
éfforts on collecting date\apprqpriate for predietion of winners. The

-

- . . . * P

' LN . 1_‘:?1

!‘d
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&n

prédiction is based for each state on 50 to 150 key precincts. For_ each,

- $ ’
/// + a mathematical model takes into account the voting pattern in previous

.elections, the pre-election polls, and the returns om election night as

o phoned in by network observers. -

-

“From the results from these key precinets and a study of the state

as a whole, the computer develops a prediction. This rwodel also takes’
S - »

into account the effects of the weather and other factors influencing the

voterlturnoui. The computer prediction then represents an optimum decision
baigd upon the probability that the behavior of voters‘ip other areas Vill
follow those in the key precincts. Actually'a winner ié not predicted
early unless the model‘shows at legst 3 orAk percent différense in order

to allow for errors.-

Thus, the only circumstance under fshich the computer-model prediction ‘

will err would be if there were significant, unanticipated factoss which

¢

invalidate the choice of key precincts. For ipstance, if the population

L]

of the state is 20% Cnthollc, one candidate is heavily favored by Catholic

voters, and the key pretincts contain  very little Catholic populatio

the: conputer prediction might be grossly in error. Hence, the major effort
- Y .
. ’ ‘ . . ) ‘ - i

before the election is to ensurc that the key precincts chosen are really

. representative.
A e

‘Route for auto travel ' .

The second example involves the selection of a route for auto travel
from a finite set of passibilities.. A specific example is shown. in Fig.
5~5, whieh is a map“of‘thc main parkways from Huntington, Long Island to

LaGuardia Airport. The driver, SifJFtEd at the start point, has a number

of decisions he must make to stermine hls route to L;Guardia Airport
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' Fig, 5-5 Major parkways from Huntington, N.Y. (start)

to LaGuardia Airport
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é

(35 miles distant).

-

. -
There are two principal routes west: segments begjlm and adfilm.

\
At several points, however, cross-overs are possible. As a result, the

relatively simple decision problem actually has 18 different routes which

we can ennumerate.
)

s acgjlm . begjlm ’ . "

.

X acgkm : begkn | . )
acghilm beghilm -
adegkm * bdegkm
adegiim , bdegjlm -
adeghilm bdeghilnm
adfhkm : . bdfhkm .
adfhjlm bdfhjim
adfilm- bdfilm

The complexity of the problem is noteworthy. Even theugh we have ’

omitted any possibility of travel on local streets, there are 18 routes

from which the driver must choose. (Actually, even if we consider only
! * .

parkways, the Long Island network is much more ccﬁpl%: than shown here;
. _ : \ ,

we have simplified by considering only routes which are very close to the

minimum mileage).
_ . : _ .
In any decision process of this.type (the choice of one from a nunber

of alternatives), we first secarch for a way to simplify the problem. Is

~-
-

there any way to break the conplex problen dowm to a set of sinpler problems?
' »

Two decisions, ane with 2 alternatives and one with 9, are easier than

3
'

one decision with 18 alternatives. R

- -

Fortunately,.this problem of Fig. 5-5 can be immediately decomposed

into two successive decisions: . . T
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How to travel from S to A? (2 alternatives)

Haw to travel from A to the airport? (9 alternatives)

We have viewed tﬁgpproblem as a multi-stage decision in the language of

*

decision theory. In othér words, we view the travel in t@cxﬁiages, rather

t
than as a single, overall trip. First the driver chooses between a and b;-

-

then he chooses his routé from A to the airport.‘

This decomposition or breaking down of a problem can often be carried
. ~ .
much farther than in the above example. For instance, if the driver knows

that segrment i is almost always seriously congested, he may decide at the

outset to reject any thought of travel on this portion. Then the problem

<.

-

is shown in Fig. 5-6.

. Now there are two intermediate points, A and B, through which he must

pass. Hence, the problem can be ‘broken down into a three-stage decision:

- A

S to A 2 alternatives i’ >
- cg )
A to B 3 alternatives deg .
df h

| " km | - A
B to Airpo?t 2 alternatives 1lm h_‘g’/ﬁ-.

The driver makes three decisions, at § and A and B. The three small

4
- ’

problems are much simpler than one large probl®m with 12 alternatives
(if 1 is omitted in Fig. 5-5, there are 12 rather than 18 routes, as | "
: . \
indicated by the listing at the beginning of this subsection).
. -

Once the problem if structured in this way, how does the driver

A ]
¥

actually make a™Mgcision? For an intelligent decision, he should have

ey
& i
.
. L

. »
information about e congestion existing along each of the alternative "
-

routes. For instance, as he leaves from S, he has to decide between a

y &

d : ey
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Fig. 5-6 Possible routes with segment i
in Fig. 5-5 omitted
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-

and 5. He needs to know the traffic-congestion'on each of these scgments.

In mos;’%uch situations, the only informatipn the driver has is that

.
w

derived @m his past experience in drivmg these roads at this time of -

~
- 4 - «

day aﬂd under these weather conditions. Unfortunately, this experience

» ) .

may sifiply tell him that there are tremendous variations from day to day.
' N . « * ) .
At scveral locations around the United States, there’gre now appearing

L]
w attempts to give the motorist more information on which to base a decision.

When an urban parkway may cost as much as $30 million per mile, quit? Y
elaborate communication systems can be added at a cost which is relatively
trivial. Thus, we are beginding to fidd clectronic systemns which measure

x " traffic flow rates further down Lheghighvay -Fhen at the deciglon point

S, the motarlst is informed by an electric szgn that trnffic is moving

at 40 mph ay gJ at 15 mph on E: The signs can,also indicate the location

of accidents, disabled cars, floodlng, fog, or other factors affccting
1 \rafflc flow.

‘ There 1s one soxious/prnblom with such infornation alds to decision
] . ¢

1

-
s

making. Unless the signals sent to the motorist anticipate or predict

motorist reaction, tlic systam is apt to be unstable. If the travel time

N AN

on route a is much less tqpn b, most motorists will select a. Within a

few minutes, a will b% terribly congested wvhile speeds on b rise rapidly.
The system can be designed ‘to anticipate this human response and,
for example, warn against travel on a just before congestio? there reaches

a serious level. Alternatively, some human dgivers will learn to behave

in just the opposite of the normal response ang will thereby benefit
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‘ maiimall§ from the system.

. .

The dominant characteristic of fhis route—se%ecéion decision problem,'.
however; is that it is a probability problem. FEven after the problem is
broken down into a set of simple problems, each of these must bé 'viewed
in terms of probability. Congestion and accidents or other traffic tie-

-3 . .
ups can not be predicted. Hence, as this driver considers his choices,
1 ) . "

he must decide (from his bxpefience plus any information available) which

-

L} .
route is probably favorable.

C A

Just becauge the dec1sioﬁ is probabilistic, he can do no mcre than\\‘
optimize hic probability of reaching the airport in the minimm time or
t
with the least annoyance. Regardless of how intelligent the decision,

there is always the possibility of~a disastrous delay on any route he

-

may choose. If he drives the route frequently, he can only hope to make

decisions which over the long run will result in the most satisfactory ‘
- ' . 7

-~ .

trip. | oy e
5.  One Man, One Vote ‘ , RN . o
LY ‘ v ..
During the last decade, widespread publicity has becn given to-the’: , e
- /o8 “e 1... .
» M - " . “ . .
"one-mans onc-vote' concept -- the idea that in an election or voting®, L AR
. b . ) T - : o
: . LNt o1
situation, cach vote should carry equal weight. The problem was fgrst .~ 7" v  »
. - i N . . « ot . K 4 ‘ ‘ - \
o e e e e e e . ot ) " P N
. , .
i - | . :
1. The desirability of respondlng irrationally to certa;n information y S el e

-
appears oftcen ‘in system studies. Ohe of the best ewamples-is in cancok -
selection. The best tiwe for an g¢ntering college freshman to choose ‘
certain carcer is often Vhen there is maximum publicity about unemplovmant
and oversupplnhof persongel. , Foyr years later when he graduates, there?
.¥s likely to be a severe maunpewer shortase with resulting multiple job

opportunitics and high salaries. Unfortunately, career counselors oftqg L o
seem to overlook the importance of“the oscilPlating nature of cmploymenu‘ o )
and the time delay inherent in education. <y Lo .

. , ) Yoo i Tt 4
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L]

e

highlight

in Ege legislatures of t%e more populous states which had-
boﬁh rural urban areas. Becausé of the hiqtorical'emphaqis on
// propeJty cwnesshlp as ‘a eriterion for voting clegibility and the

strqul?ragricultural character of the country as regently as the 19th “

century, the rural éarts of the state often dominate& the legiélatggg.

It was nog unusual to find a rural legislator representing 5,000 pcople,

while his city colleague spoke for 40,000. While the totaljstate popula-

.
3 . -

. ¢
tion might be more urban than rural, legislative actions strongly favored

. : Y
the rural sections and often resulted in only passing aftention to the

increasingly critical, city problems.
.A serles ;?\Bourt decisions led to the one-man, ore-vote concept. .
T%e_legislature bad to be appértionéd in such a way that each representa-

“tive speaks for approxlmhtely the same number of‘neople. This same idea
: 2

then waq exmeqﬂsd to a wide varioty of decision %processes,’ with geueral
oy Iacceptanco of the prlnciplL ‘that dccisions nade by the public or its

;aprcsentativcg :hou]d bo.baqed on the one-man, one-vote concepL as far
x , . .

as possible. ' o ' . | .

. . "

Very oftcen in decisions jelating te socio-technolggical problens,

s . * . . \ , ' : v

.-
.

..tﬁe concept of oneﬁhah,-onevﬁotGVdoms'noL result in a fairetreatment of
i ) .. . -

F‘"’ ‘_ 4

I

alY intereotpd palec, Tﬁe'deéHSion pfoa:ss.is strongly affectgd by
..., t. t

'bloc votxng, whén 1-qub gro&p has a cqmmon lntclest and always votes

-3 . . e

together. JIn ordax tu hive equdt rcptesénratlon of each voter, we have »

_‘. PESEE - ) i

toﬁfnt1c1patc the way bl&c# w111 form and set’ the decision- making rules
., { i =

accordlngly L k- ' : X

-

& o

] L}
In the followinv panagrabhs, wve cén51é:% one example which illustrates

.‘ oot . (‘ . ‘." . a.,,

W




H . .
’ ' . A C .

the problem. Gur éoal here fhdﬁever, n1i~:he study of the effocts of w, '

bloc voting, hut rqther the recognltion that decision~naking in competltive‘ ,

situations has, 'to be org;nized vegy,carefglly lﬁ we aresto be suré that e
: 2 \ )

the ultimate éec1sion does repreaen; the bcst poseible contri&utions from

N - | _ .
all interested paféies.‘f . ) f e ‘ - |
1 ' : . : . l
Potomac River eéology ;éogect . {1 - s S . o ’
Tge Potémac va;r ba;in i§ of primary 1nteres£ #o rps;dents of a "
- .
HMaryland N \Rgnnsylvania‘ ~l‘/»Virglnia :
. West Virginéa Dlstrict of Coluwbla - ?; : |

-
Al

1 .

‘ Recogﬁ%zing the inter—vtate problcﬂs and the k@porta?ce of” ecolog1c31

planﬁﬁn&, Congress passces legls1at10n estaﬁll hlng a coﬂmi&sion Lo develop

X,

T #4

policy and regulations to cqhtrol_the use of’t%e watet, the'alngablef ) 3 v gs?v
) ' P : RN o ‘ :

) : .. ‘ ‘ ‘ . / / . )

effluents {rom towns agd industtics along the river, and the development [ - <
\ " \ ) \ ) ) A r“ “1 . )
. . . \‘ . . . KR . § )"A““‘_- . o !

of parks and recreational arcas. oo " o ‘ L A

p ; , ' T . v . fo ey
. ' V4 L | . - ‘ ' N ’ t

The framers of the legislation believe that ahcommi%sion'of>ll,membcrsv B
' \ ’ ! ! .. SRR 5 ‘kx L A ‘,.
is the largest workable size. Dnc -member ropresentq the U.S. govornmeqt e T b
1 A

+

: WA
and is appointed by the President. The other Jton. members are electe%‘hy A

.

i

the people directly concerned. acceording ‘o' popu}atibn,\with':hc resu}L . ",- : R

» . .
that the membership gllocated by states: - S . e

is
- [ . ’ ~— ' : "'. . v .
Maryland - 3 Pennsylvania -="-~1 Virginia - 3 | L
west Virgin}a -1 bistfic:‘df Columbia - 2 * ¢ PR CL
The authore qf the blll setting up the comm1551an want to be sure that
. ‘:’
ho one gtoup domlnaLos the decisionsk'so the requlrement is impo:ed that

B ;Y . [

, <,

aﬁy deplslon must bq made hy a '2/3 maJprity of the fuil group, or by 8 Lo

‘\‘.
v . : . Y

. [} y . ) ur i Cor ‘ L . . R -.‘ —_ R N . \‘ . .I
V0t95~’A SN A cooers Ly ' ‘ . r’\'ﬂ :
. [} . ;

0 A . L 3 . . . P 5 4

. 1]
3 . . » i
Al ) .o ' L. : TS ‘o . .. (.

", Thus, the commission is.gsﬁablisﬁéd with'caréfuf“;eg%rd for gﬁé o
. \ : N , s . o . U N " N ' , s
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- Ed

P

one-man, one-vote conc:pt and‘ he rubes are set to be sure ghat any

e ,
. 2

| decision does represent éhg_ftudled opinxon of at least 2/3 of the member§

N
The legislation seems to beqideal.

The problem of blocs

is totally fmméterialf

Analysis « =

Shortly after the cammission starts opérating,~tHe,tss\representativds .

¥ -

of the District of Columbla and the Pre51dent1al appointee a a dlsmayéd

that they have no real voice in- most of the chiaion
k-

.~1at has Bappened

is that the 1nterests of Maryland 1nd Pennqylvania are usually the same,_

and thcsé delégates_regular1§ vote togetger. Similarly, Virginia a%d

L

west;Virginia‘attitudeé'are parallel. As a consequence, there are 1n

[

actuallty four voting blocs. k
g |

Marylﬁnd'— Pennsylvznla

District of Columbia

SRR . U.S. rcpreeentatakg\
p'a‘ ' /

J\.

4 .

Vlrglnla - West Virginia 4 ' _ \
2
1

. With 8 votes needed for actlon, 2 decision is on]y possible if there is

)
agrcement by the fiQR§ two blocs._ How the D.C. and U.S. delegatcs vote

-

‘ Fruatrated by their helplessness, the D.C. and U.S% representatives

. _
ask Congress to amend the legislation so only a majorxty vote is necded
. s

\

to pass a measure. . The other 8 delegates object, claiming that this

would give unjust pover to -the minority nenbers. 1Is this true?

S BN

To decide on thie—fairness of the proposed rule that a majority is

needed tb reach a decision, we might‘look at all the™ways a proposal can
. ¥ ' .

¥
\

ass. Those voting "Yes'" can be : :
P ' - ' A ¢ ) B
- . l. &, -y s
, » - l . ')
4 , "‘k\__‘\
A ¥ad <




In how many of these dogs the Md-Pa block have the~dccidfhg vote?

That is, in how many combinations does the tyes' vote of Md-Pa resiilt in .

the astericks. (In the 11-0

passage’ There are four cases shown above Dby

i gituation, reversal of the Md-Pa vote would not change the outcome). {n

the decisive vote in four situations.

‘other words, the lld-Pa bloc is
bloc is critical in the following ¥

alculations reveal- that edch
L

Similar ¢

number of cases:

) Hd-T b pc 4

. ;
oy y Va-w&- " us 0 f i
The. vote of/Z:: U.S. delegate ts now immatcer al; he is effccggvely dis~ '

enfranchised. 1In addition, the two delegates from the District of Columbia

ance as either of the four-vote blocs. Thus, the

‘ i
majority rule does give too pmuch power to the ninority membe;i';?t least

have as much import

the two from D.C.

—_— N

. PR X
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. 11-0 10-1 9-2% S ]
.. Ma-pa (®), Md-Pa (4) ‘Md-Pa (4) '
e ”,f f.Ya—WYa (4 Va-Wa (4) Va-Wa (4)
IR ¢ ('2)'." _pC (2) us (1)
' 0 ‘f""'\ us (l) ‘ |
e /> ' . ‘.\ - - i
“‘ :‘, . $ ‘:.. . 8"'3* | z"'l“*‘ 7—4
L Md-Pa (4) « Md-Pa (4) va-Wa (4)
Peo Va-Wva (4) pC (2) pc 12)
~us. (1) us (1)
. 6-5% . ‘;iéﬁi” S 65 |
Md-Pa (4) va-Wva (4)
pC (2) | pc (2)
) . \
) There are 8 ways a measurc can pass under the majority rule. ' ' ~\\ :




% . ' ' ."t '-‘ , ) ' 169

This example sug5estq samc .of the périls in a third-party movement

* .
‘ H

in this country. If in éhe Stqate the two’'major partles are about even
‘ .‘l .
in strength, a few Senateﬂs from the third ﬁarty ‘can have enormouq power,
-
t o0 '
The importance of the xhird‘partf ﬁecomes‘even.greater if votes are traded
)

=

e the third pafﬁ?'agrdéing to. favoﬁ a measure in exchange for 3 pledge
» R ’,’ R
S Y ,
of support by one majority’ pany oh anbther blll
The ana1y51s above, ‘Epowiég equg} powef for the. Lhree blocs, is based

. a Y
‘4

:

on the assumptions that, each of the elght poqslble voting patterns Iz

p" f . . 2

equally likely and taat camgbeec bloc dlsc1p11ne is r;allzed (cach bloc
VI 1

. ‘ ’ s B .

alvays votes unanlmouslyll Tn}tpe aftual‘operatlon of the commigsion,

£
Unhappy with the discn"irén&?‘iisenen@;\f ,ﬂxq U.S: 'ropr'estem.ativé, the

+

. -

? : . ‘
Congress instead amends the” 13w fd requife 7 "Yes" votcs fcr a decisgioh.

R
o

f
Is thlS a logica] and falr'haﬁ€ﬂ9f Slman; aﬁalyQ1s 5howq that €@ ach bloc
A . “\ fow \
now has the "swing' vote in the;&gllpang ndrﬁcm of* asgs (ue simply omit--~

LB D s e
4 Y] . {\‘ ‘ N

the 6-5 votes in the earller lx,tlng) v ’ {

delegates. The p}zﬂ:lpal dlsczepancy 45 in the added pawer 'of the u.S.
]. q. \

fepresentétivc, but presumably he isa §is 9terestod membdn concerned wihth, o
. . ‘ ] |

the public interest. }' ) o .

Final comment

. ] 1. . ) - ' :
This exampleis includ d primarily to emphasizeﬁ;hq‘fact that'the . |
;-—- ________________ ‘ M \ " & . i

- ) ? . «

_1. The study i{s known as the Shapley analvsis, named fbr the éocial scientlst
who fifst presented this appraacﬁlyg the 1950's. PR

- ‘ { ] ) “-;‘.‘- , M

L

there certainly are cﬂe 1a§qL§10n wﬁich hilecs'. Spllt but the analysis . p
}“ 'fn! f‘ A \‘ . o
does describe all qu;st%@ﬁﬂ fdf vhigh ‘the blacé.hold. ‘ - : Ca
An alternative proposal ¢ ff" . '\ \,‘
T » i T . ; .

! \ ‘ v : »
e \‘ ”‘,.."_ ) \' N . ;?.!. ;“. - -\ ‘X\ . . .
L ¥ "'., * NN | S
Va-Wa 4 TOOTUS, t2 e Lo .
Y ) - RIS o
y o oL . 4 \ .
The ideal pattern would be b=41 ”prapoftloxal &d “the number of
$ s ‘, ‘.‘ ‘\ 3 ] . N
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o .\,"fix'ed by business and pleas.di‘e needs
vy . . ) .

~

/

]
e
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Y

[

3

\
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. * ’ \._/'x . i - .,
rules under which dé&isioqs are made (here the votes required for ‘passage)
. = Iy . ~ - T e ]
.may determine the extent to which the decisions are responsivd® to various . )
intercsts and a{titudes:' Ene%getic, vocal, and persistent groups have | .
; 2 N\
: p s ’ : ’
always had considerable succesd, pazgicularly when the*majority is apathetic.
Rules for decision-making can completely distort the logic.
6. Coémpetitive ‘Decisibn—-?laf{igg - W i .

- PA
-

The prpblem of thé.Potomac River basgin is an example of competitive

A ] ‘ ¢ .
decision-m ingy - Theré!hc 1ooksa at competition among four separate

- -

parties or veting blocs, with each anxious for its own influence in the

[ - .

. . & . ! . . .
decisions. \There is also a class of .decision problems in which we focus
. / ' ‘ . ' .

| . _ o v _
on‘gompetit%on between two parties, cach striving Gd‘benefit_at thae cost

\

>? £ . R

of thg other. . 2

Such face—‘to-*&ce competition arises when there are two priucipal
\ . v o
suppliers of a single product or-service, and tHey.are competing for a
. ) " 4
fixed market. TFor example, if only Delta and Eastern Airlines fly from
Ba}timure fo Atlanta and the annual number of passengers is approximately

of the puhﬂfd, the twd’ companies are
2 (~ - - .

“ ¢ dn dircet competitign. What om® gains in customers, the other loscs. In
oo pl A f

. . < 2 .

developing a strategX to try to-inerease its share of the matket, Deltn '

p ® .

" [P
LR B . . - - . . . .
tust decide on an advertising policy, how to ®et fares within governmental

\ ‘ .

repulationg, when to schedule flights, and how much to invest in improved

ser?iée. Each of these four directions is also being pprsucd by thé conm- -
. AR . ‘ ,
“Hytitor,jﬁasﬁcrn. s

. - -

- , 1 . , : - r . . . - .
. What Delta Wecides to do #s'determined (within cost constraints) by

iEsh'é.ét‘imate of Ahe actions Eastegn will take. q)elta tries to find that o :

]

- [ -
- S0 .
. , .
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[ . i '
straapgy whlch maxlmlacs its expected gdLn undgr the a&§’5ption that o
Eastern wltﬁpequal 1ntelligence will choose 1tq strategy toﬁ&1;§hlze - .
Delta' s gain.. n < - - :: . . ' L ‘i;‘
.. _ . » v - ‘ 6. : o

.. We have here the basic elements ¢f a twd-person, aﬁ%o~sum game: two-

e 4 00N

* lose3@le other’éaius. The‘solutipﬁ'cf proplens of this sort Esﬁés undér

. LI

‘ . - Wt
the mathematical subject of game theory, first discussed in detail in the
. ’ ! . M ' ’ ‘D -

-

bbok‘"iheory of Games and Economic Behavior," by’J@hn‘von Néumann'and
2 L . b d . ~ ' -

- - b

. te l - : R Y - .. - - ,.‘ .
Oskar Morganstern. When a fimite, quantitative modél can be detcrmined;
. “1 . . . ) - .

game.théory problems, can be solved. fBis modcl lists thé specific, . 2’

\

. alternatlve strategles opon to. each coﬁpetlto;.L— for exanple, one strategy - O

for Delta might be to spend $2 mllllon mcro on advertising, schedu1E'{ligth .
A -
- D
at 9 a.m., mxd mqke nQ change in fq;es or qervice. The model must‘nlso. T

L] + -

- L X
lnc}pde the payoff to Delta which. results from each poss Jble comblnatian

]

.

. stratqgies. . L 9 ‘ : o
DV | . ’ oL .
L] ‘_ ' 4
(R ~ » .
. . . : - ) e a L]
Py . . : . . - » X .
. a game ar> most efisily illustrated by a simpler -
. . ' ’ ’ . . n a ‘ Lol B .
example, .in which éach?compeqstor fias only three possible moves. For
. . - ) C . R ! - . . L
. ’ i ' N L Y » ~ . . PR .

cxampji§ Earhaknfadq Tom are playing the-falloging game. IAch seérctly
t" ' »

. ‘ ". A' . - )
‘ A
. ¥
wfltessdmwn one of tha ‘three lc)
\wf . -

Ltars’(A; F,,oz C) on hi; plecé of - pxg?rn .

LI

' ¢
Tth taey both revea} thejr i;terdﬁ Figure 5- 7 shows the amount Tom Lhen

xb;rﬁ accordlng Lo the conblnatlon. 1f“Barharn‘has‘wfitteﬁ\B and .

| “
N
——— - e o A s

o
third edltion of- L1e boéz was publxshzd Bv Princeton Univvrelty . e
§s i 1953, J. von Jeumann was -the hrilliant mathsnatician wifo also
conceived the idca p¥’ the stored prgeram for a ﬂlgltal c0ﬂputer,‘the concept
vwhlch allows a comp ter to be used r . many dlifefenl probl;ms.«‘ '

. . . \ - - . ® ™
- - . - . - . . . 1 \ ~
. A, -~ * 2 .
* L N L - PO . J
! . L4 - . . « 3
S a \ . * ¢ .'\. -
Lo \ .
2 0‘_ . “_h- - \‘ '_ ¥ ' . ¢ u * t -
< & + + -
. ’ . .
- : - R ‘ . s A " \ ¢ .
A . ‘ " N R 2\' '1 R . . Py . !
-+ - <
a ; LSS . .= .
s \ . . " - « e ., ) r e -* P ,
s . H . bd ' ' . - £
R .‘ - .- . < 4 ‘ . . . “.-:“\} S‘

0 * . .
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- /?l . ‘ Tom \. “
o ol - ~
. A | B |-c |
/ . > . RS | ]
S : . A .0 I 45 B 15
: Barbara B is | o | 1\
Tt e By 2 , ‘
] ~ . ¢ \ ~ . )
S o . : \
PR : Flg. 5 -7-. rayoff matrix ~- payoff.‘-to Bafhara for each
N =L . " of'nine pogsible combinationsg ..

) o 4‘,. . L
Iém.A, we are at the first entry of the second’rdw:‘

,is 15‘

o
*

Tom gives Barbafa 15 ceﬁtsl

rs

f .

-

While this, may not seem 11ke a very exc1t1ng gamgﬁj ;jis a 51mple

s

analog ro the Deiﬁa4ﬁdstérn

.cbmpetition.

*

.Iﬁ that rea]isgic conflict, e .ach'

_’.-—‘) '

.‘airline has dozens offfossihle mdvcs or strategles from which to chdose,
. \,g . .

‘e

¢ ’ :
and’ the{pdyafff are very dlfficuft to calquldte {one must'estimaté the

1"

chnnyo in Vaqqtngers aftcr ecach posdzble coublnation of qu&thléS)

’ - - il

For: the trivial game modulled in }1g.

. -

'reasbning és she tries to dccxdéﬂﬂntb lettdr to write.

*

: w1th equar.probabillty)

‘Tom plays completely at random

&

aﬂd if she plays A

(he may jUSt 1rbitﬁaril;'chgose A, B,

o

5- 7 1ot us look at Barbara's
Ig'she assunes

-

. URE
she can expect to win 0 one

;hird Qf the tlme, §/in 45 one thlrd of thc tlmgﬁtand lose 15 one thlrd .

aﬁ the' timen |
0"

’ In the ‘same vay, if she plays B

»

i . < ..
\/}s‘her CH01ce, agaLn 10 cents is her qverag\.wipning.

ﬁé’défference what she chooses.'
. et , Ses.

4 . . -

4

* ) -_ *
', Lo -

s she can cxpect‘to win 10 cents.

Hence* if- qh&.playq A ““she. wﬂl mn on the' avera‘lo cants.

\1£.C
A ‘ ) X B
1t seems it makes
A . '

1 ’

The'paydff'to Barbara

or C,-
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" She knows Tom is intelligent. 1If he thinks e will play A, B, and /

[

€ at ramdom, he will always play A or C. If he ﬁlays either and she playS"

\

at random, Barbara's average winning will be‘zero. Suppose he does play

' ' . w
only A or C; then obviously she should play onlz\?, so she will average

. . > RN N
But Tom.reasons as fslloq': Barbara will guess I'll play A and C; .

E . .

« {
15 cents every time the game is played.

she'1l play B; then I should playnﬁltéﬁdfop her winning to zeno. If she’

' . : ‘ . . .
_knows I'm going to play B, she'll switch to 4§ or C to win 45 cents,

- - -t

’ u - Vp!
' As. yoy can see, we do not seem to' be moving toward a solution. Je :
. - .‘i . . N . . ‘ ‘ - -4 - ‘ . ‘ * -
¢ 4 !

-

- . N - i r - ~
are in the endleis round robin: he thinks tha““‘she'll think that he'll

-

. X * \ ’ ' N X . .
think, and so forth. : L S > _

The mathematics of game .theery.provides the best solution for each P
. . . " ‘& - a .

L} ‘ : - . . . Q'
player, as well as the average Yiige of the gamec to Barbara. This solution
. P - » . e

- £y -

assumes boYh players ar¢ intelligent and both understand game. theory.
. r . -

-
t

L4 . . .
There is no medessity for us here to go inteo the mathematics by whi c\h the

. . ) . €' 1 ) ‘ ' .'
best way to play can be determined;” we are instead interested here in

T - 4 . . .
the type of decision problers which can be solved wit
]

game thedry and tire'd
. 7~
pature of the solation. . oo ) . - N

. ] -
\"f ‘ . . . . L . . )
In the present. p¥oblem described by F,if;' 5-7, “the West way for Barbara

..

+ *

-

or Tom to play is as follows:. ' ] L T : A
) ) ' ' _— _ Y I
Barbara should play A one ninth. . ‘ \

a . -B seven ninths -oT ‘the time - N

b

,{ : ' oo an; ninth ’ ’ : }
_____ T e A T Lo . " .
) ' -1-:‘{] . » ‘e .

1. An explanation written. fo¥r the layman is included in the book "The
Compleat Strategyst,” by J, D. Williams, lMcGraw-Hill Book Company, New _ v
York, 1965. The author includes an!gmuaiag‘sgries of cxa@ples waich show :
some of the unexpected results of game theory. - ' . e p

. q * .

g ;' T . L B . ] -
. ‘ Ty ro . . . #
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Tom should play A, B, and C.one third of the time each:
The expected value to Barbara of;éachuplay is 10 cents.

Eagh competitor should pick A, B, or C by a random, unpredictable process,

' but according to the above probabilities.

1

. . :
Before each play, Bathara should make ‘her selection to meet the above
;;Bhabilities (A 1/9, B 7/9,-C 1/9), but with the choice made at randoa.
1f she has a table of random numbers avéilable, she might decide to use

¢

a row of. single digits. Before dooking at the lable, she gpuld decide

the ten digits (which are equally probable) will be assigned as follows:

3

1 will correspond to A

2-8 inclusive will correspond to B

. 9 will cgrécspond to C

0 will be diiizgarded

that ecach one has a pfobability of‘}/9:
] P
. . . »

The desired probabifitigf of 1/9, 7/9, and 1/9 are now obtained by choésing

Shag. is using only nine digits, so
A 2 } ]

.

ope digit, seven dipits, and one digit, respectively.s

£

Barlara now opens the book off random numbers and picks one row
N 1

digits:

4 7. 2 0 2 9y 3 3 1

%
The first cight tines she ploys, she selects
. B B B , 3 CcC B & A

N

in that seqéence., If the game continues, she uses different sequences

from the table of random numbers.. Tom play#ggg the same random way,

ak¥though his probabilitfes are 1/3, 1/3, and 1/3. .

‘ . &, . . ‘ .
When the game is playeélin this way, neither comggtitor car predict

what ﬁ%s'opponvnﬁ w1 do on any g{vén méve. 1f Tom would begin to follow

% L . - .




a pattern and Barbara-could predict with modest success when he would play

B, she would bc‘ce;tain to choose A or C in the hope of winning 45 on that
play. -

Non-zero-sum ganme -

]
Many of the game or competitive sgxuations which occur in the real

world are not zero-sum. -What one side gaihs is not necessarily the sane
as the other side's loss. Even in -the Delta-Eastern competition for

Baltimore-Atlanta passengers, advertising by either airline is partly-

désigned to increase the total market. Hopefully, more‘people’will be

- -

convinced to fly, with benefits for both of the competitors. When the

game 1s not zero-sum, the standard solution techniques of game theory fail.

¢

While we §§B~§2E9£Tm“§ find a solution, the determination of the best

-

strategy for cach player often depends on séarching through the péssible

« ’ .

solutions. . : - ‘ .

The non-zero sum game is illustrated by one of the classic problems

of operations research. Two men cach have "an ice cream wagon which they

PR -

-

. .
bring cach morning-to a mile-long beach.” Dur?ﬁg the day, customers or

&

sun-bathers arce dlstributcd unifornyy along the beach. Vhen a vacationer

wants ice cream, he goes to the nearest ,vendor, since there s no real’

3

diffcrence between the tvo. -

When the first vendor arrives in the morning, where should he locate?

. ~

LY

Where should the secénd man then.settle with his wagon? We assume that

=
N -

there is no cooperation between the two: each man doesn't tryst the other,

. .
and cach acts solely to\m%iiiize his own sales.

L}

little thought shows that the two veﬁdors" should locate n‘ to
- .
. LN - . N A
one another exgctly:in the middle of the beach (VFig. 5535& If A, the
: ' : . - ) -]

1 «m
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< 1 mile
' Beach -

of ice cream wagons A and B

«
. in a strivtly competitive situation
\ﬁt@l:_‘,r—\,__/\le—“ w—'f"\-‘*:“\_«“\f * 1 "
. . B A . . . -
St . N

1 mile

Reach

Fig. 5-9 VFinal #€cation if A selects any
point other than the center '
i At e L

e ~1'\ile , .~
. . g *
.o Becach L

Fig. S ld( Final location if A chooscs the middle
and B makes a non-optimum . choice
, - /

& : Beach . -
1
!
f rl

*Fig. 5-11 Solution best for. the custoners and equal
to the optimum for both A and B

N |
. &, ‘ R
L N
o | - R

L 4
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P &~

first to arfive, makes any other choice, B will then settle just on the
side of A towapd the longer: expanse of beach (Fig. -5-9). If A picks the

“ middre and B locates anywhere b%& beside him, A w111 be serving more than

A ]

‘-half the customers (Fig. 5-10). . .

When the two sides are strict competitors, the game or problem leads

‘o

to a ridiculous Eé@utian,‘and'certainly one whichAdog? not give* the best o

<, A
&

p( ssible service to the customers. From the'standpoint of thé custometls, ’
. a . ‘ . . R . ri

‘the optimum splution is shown in Fig. 5>-1I. Each vendor is in the middle

“of "his™ haif offthe beach. The customers have shortc% distances for ice

t
- S

usroam on the avcra&e, yet cach vendor serwes half the geople. In actuality,

»

Flg Sﬂll is likcly to be bctter for béth vendorq than \the competitive

-

solution af.Fig. 5—8, singce the mero fact an ice creain*Wagon is nearby for

more peoplé§§k~5gd increase saleq. S |

Why is the solution of Plg 5-11 so difficult to -achieve in a com-
. 7 K ) .4 )
.petitlvc sxtuation? It,requifes hone&t cooperafion between the two -
' , {

‘competing forees -- a cOoporaticn whjch has to, be based .on mutuaf‘trust.

- A

Whea A arrives in the moxping, hL tdles hlq poqglbly bad position in

. . ‘ 14 K . ~
confidﬁgza that Bwill not try to take‘adéantugc of "his trust. During

N X R ~ 0 |
“the é%y, both resist the temptation to wmgve gradually todward the center

P ]

of Lhe beadh. Tuls Is a nun-zevo-swa situation: both bcncfét by dis-

daining what looks 1ike an adﬂantagcous ‘possibility. ) w |

& -

. This rather: trivial example has many counterpartq in the real worid.

. ~1

One of the most obvious is the fierce coppetition amoﬁg three airlines ‘
- L) ‘ - < ) a ) » ‘
(TwA, Americ%n, and United) for passengers on the luctative New York-los
1 i -
<Angeles t#ip. 1In an attempt to-attract a large fraction of the custoners
f . . . - T

by having flightse, at convenient times, each airline runsasore flights

L3

-
'

. R ).

» f - ] 4 L

. ) T e N b
. - » 1 ( ‘) é - - .
- v -« .
¢ . . .
4 L ) .
, , ro

]
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than necessary (on the average, less than half the seats are filled)

the three schedules tend to be startlingly similar--with three flights
. . ’ .

taking off almost concurrently, then a gap of several hours before the
. -

next three.

Part of the problem here has been the federal anti-trust ;aws and

the cancepL that the pub)ic is best protected by complete competitlon .

-
- L

among firms.
-

the three airlines to talk together, in an attempt to agree on, schedules

“which would improve both service and profits,

: . <.

-

In a broader sense, non—-zZecro-sum decisions dominate our. society, as

-

- : ' 1 i
G. lardin has pointed out in his Clafslc artlela. - An Cﬁigeme example

S

jllustrates the point., Each author

From a s¢lfish

-t

tion from his home. standpoint we. wauld benefit 1f »e

: ; . A
out the caf;wxﬁdow whllc driving to

* p

_each éimply threw the day's rubbish

e

sure we were unobservdd). The demag

-

woxk cach mornlng (and while maklng
D

\\
the environmét

to 1T wou]d be negligxbfh we von?d ‘save °20 mouthly, and

1 . ]

the quality of iife

i

just the two of us fol this practice.

The problem is obviefds. I everyone,
of the popBiiace, acls in this saic aolfish wiy, we all would shortly be
. , — ] ’ ’ 4 '

surrounded by rubbxsh. In order to find a sacial optimum -~ a decision

or strategy which results in the bépt total plcturc ~- we anh must ~ake
— a— —F ——————————— - ‘
1. The Tragedy of Ehg Commons, Science, Dec. 13, 1968, pp. 1243-8
- ‘ , Y
. -~ ' - ‘
o ’ . . . ! .
‘ R N " \
& - . . .
. ‘ L. ”~ . - '. ' .
- ‘. )
S I (o
S -

N )

A

1t is only in the paot year that Lho government has alIowed

L4

e .

n.our arexw would not dcrcrioraxe in‘nny_real o 1f.

,—

v

pays $10°per month for rubbish c\lloc—‘.'

]

or ®even a significant fraction

i

LY




detisionb whx%h arq;far Yrom éptxnuﬂ

LI ) ' ’ '

A§ we\consider differ;ﬁt spcia techno}o ical problems'cwe'find aéain

- ( e

.. ot
ain,tgﬁs non~zero—sum_character. ‘The total S)hth only work$ 1f the

. . P

\. " [ » «

ind1v1dual is wllfing or .can be forced tokrelcgate hls personal ggnefxt toin‘

a secpndéry pos ibﬁwgompared-to theﬂto;al,‘social,we]fare& Just ag iq the

. . ; \.\ : v ! : R ."o \w.. :

1¢ereream—VQndor problem, suctess depends on 1nd1v1duél trust, andﬂconfidence,
‘!," '\\_ , .

f 1

ig othars. Whnther thh concern is obeylng traffic rcgulatlbns or cmnéerving

' a N .

energy, we mu%: design Lotal sy%tems in which the'zﬁdlvidual is wllling,to (

' A )

oy . Y

. écédg 'dcc 5 ons whxch are obV1oualy not the best for hlm persdnally.,
© p" '.' 3 « a0 ¢ PR * L [ . "‘
- X | R R A s . PR ]

7. DociQ1on Pronlemséﬂlthout golutlans

' . N
. .. v Lo

 ;;Ip'this;;h pter, wn have attempted to léok at some bf the prlncibgl

. . /) .
‘e .,',‘,.'* B C ',,

charﬁchri tic: oﬁ Lhﬁ’docleonf whlch accgmpany soc1o techpolo%fﬁa}

K o . ! 3+
] 1 ¢ ;;‘ 4o - .

proHlo.s Thorb is ng attempt Le cover pompletel) the, Aoplc Qf

f

P

< making,l
N 2 . . N
*', entlre]y. K '

\ ’ -
\ -——v+v-~—~-~—---—--*-w

v Ve - o o
l Ecvo ral other top1~s er disch sod in Chahtcr and“3 é? daﬁ au Hi&:”
\Iechhplo«y, Helras- {LI}‘VedL_Lun# my, e 391} 1973 Iﬂp(e,anv al*n~»' ’
m%ny'artxcltﬁ in the ylnllc*mre,s vhxch recoun; spscxfxc Tc{tmplibhmvnts:‘;
and curront dOGLSlOn ao!xv1flvu. For exanplq,pore of Lho mﬁrp:olghomq g.w'l
d d;c}%?ox )fowgﬁuv‘je dkHPrled i1 Uri Shanir, Outxniazng ﬁhu Op"rargqn A
of 14y aol s Water %ystcw Technolewy | Review; "June’ 197~« PP 41 QQ
, N . \,‘ Vv , h...} ’
2. ﬂ CLsxnn bhEQTV{i“ cnncerno& thh the Drob et 0f 'f ndanzxtﬁe\‘
iﬁ‘?fplith;lon from data whiich is, confuqed by’ §ois e'and uncerta:ﬁ
Hheg pressure wftxxn fhe eye, ig¢ measured, ?or‘ohaﬁple\Rn Kn att,ﬁwt ﬁQ
de&ec\ the dlpuasc'of ’1auuom1, what conr}unk%ns é@h gé d;au Qn’thg ba%i$
of the knnlecve anassed in the past abey ;fﬁdlar‘ma >Uraménﬁs onhbo&h 5

healfhy pooplu angd glaucowma, victims?,

.
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. is hopeless, and so on; to this last possibility they assign the value -10. -
. R ) .
i\ For.ehch of the other suggested programs, system analysts foree
N . "’ RN
AR _three, equally ‘probable outcomes. The valucs assigned to each are Summa- .
! ' ‘ !j"‘ \ . . s .
hj:;f ; rizgé in thpu%aﬁ form for the mayor{
NS EEEN / R A R
! ! i ' ¢ "- i - - -
! [ '\ ¢ ' ' y \ ! ! ¥
N tl . Y P ' ‘ .\ +40 ' +30 +15 \
. ! \ Lo i ' \ -
R R R 0 +20 +10 .
T N o ‘ ",‘ Ve gy . I . : I 3 ) -
oy e iy =10 20 RS S
{ T e ‘ . U ] . . 3
o AR I T - . .
Stk " The mayor is himself -an amateur system engineer. He thanks the advisors
ty, '\.’ L. \ N S
Lot o ) ‘ . \ .
'ﬂ};: and headp home Lo meke his deci ion. Flrst, he'compares T to A.- Since T |
’ ' |." 1} ; '\ \ % . l .
Sy has thréc possiblé out¢omeg and‘A dqes leewlqe, there are nine equally 5
o (. v l;‘! .
.:. f ‘,', t‘ , ' « ‘ ' ' K . ) . .
he et préhablg comblnations.. . ‘ ‘ IR '
I‘}b}.‘ ' ¢ " ; ) / LY f ) ; ; ¢ [ . ,‘ ' ; :: ‘
o am/ofeo | ko) a0 vo . 0 ~10 '
Wl e sy e 2 P - '
N S A, ;’ 7'. V30 20 ,~2_Q 30 2()‘ .20 .
.t " Rl ”l-— N S 'br‘*-“""‘ ] . ' . ‘ ,:/, )
‘ ' ?In fhe\iiVﬁ boxed pase§ T 1° bngger than A . Aha, the mayor concludes,
o . . t
- "f 5/% bf thb Lgde T iq beﬁbef than AL Obviouqu 1 would chodse T in pre« -
P fereuze La Now I've\simplmfic% the priplem to a choice between T and é;ml
N L .. c ¢ 0. s ; . Lo X ( I‘
e fﬁ*\ qdmrlnr comparlqon of 1 and I g:voo ' i
. . i : g - "“.
\ b ' ) ~/\l o ' z
A\ 'R 15, 4 10 10 5 -
- T - \ ,:, o . i .
A0 G ' R — A
A . e Lelige] e

1

| .
billry thmn R i° proferrad ovir T,

Cloarly, thc mayor uhould choése R

i
| , \

The dccx ion pvobldm ig. solved. : , - ' .

' .:, ‘. f ’

e ¢

P

A ﬁ ;’ Chornllng 0ver hls success in optlmdzathn and decmslon techniques,

¢ . ' - -~ ] ‘ f 1

: -‘? the mayor makeq onL mistake hé decidds tg comparc R- Bﬁd A‘ o
‘ -yt
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~

To his dismay, there is a 2/3 probability tHat A is better than R.

This parficular decision problem has no solution: \.,

T better than A better than R better than T
s & .
No matter what the mayor chooses, his opponents can always find a program
o 1 - ~
which would have been better. * '

.

The_importapt feature of this problem is the total ‘lack of a solution.

Y § -
Th%_firnt reaction of a system analyst-is often to attack the validity

of the problem on the basis that the three sets of values assigaed to T,

‘A, and R arc not defined. What these vaiues mean is really immaterial,

<

hewever. If values can be determined in any sort of acceptable and logical

L}

«
wvay, they might be the numbers we have used here as an illustration.

In other words, this example illustrates that there are decision

. P

problems for which adsolution does not exist. This chapter opened with

a discussion of Ege drug control problem, ‘in which so much of the quantita-

ey
e

tive model is unknown that no logical deeision is posszble We élose with

. . R .
# & probability decision problem_&r:whiéh,the rodel is known completely,

yet again there is no'solufipgt , '
T owida,
These two examples represent extreme cases; in the great majority
PR ' v ‘ L
~of decision problens-whith arise, we can find a solution, even though

oy

* »
our confidence in the value of the solution depends on the quality of “the
| { ( - L X
model. o e P

—— - — —

—

1. This type of behavior, called the 1ntransit1ve property, was first dié‘
cussed In decisicn problems in the, 1950's by Prof. Ky Arrow of Earvard, an
outstanding cconomist &ho received the Nobel Prize in ﬁconcmics in 1972.

L ’ ‘
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CHAPTER 6
THE ENERGY CRISIS e
‘Centuries ago, people living in the tropics learned that wet cloth
hung over the windward s;de cooled the air entering the house. Air
conditioning became a science with the work of Willis H. Carrief of.
Buffalo, N.Y. in the first decade ?f the pfeséht;century. Although the >

¢ .
earliest public use was in a movie theater in 1922, air conditioning of

office buildings, stores, and homes did not reach a large ‘scale until the

r - y : A e
¢

1950's. - S _ . -

By the early 1970's, air conditioning is a significant contributor
- )

~
L

to the cnergy crisis‘besettin% this country. By 4 p-m. 5n a hot summer

d;y in New York, the electrlc utility (Con Fdlson) has’ very likely reduced

the voltage of the electric energy dellvered to the’ c1ty in order to 1ower
f Ny

~ :
powet demands\—- ‘a step called a"brown-out"” in contrast to a “black-qyt"
s . L2 . . -
. . , , - ‘
when ﬁower is lbst entirely. The 4 p.m. hour is‘particularly critical’ .
. a - ]
“ . ‘ !
since alr conditioncrs are operating at maximum capac1ty, subWBys and
\
L]

trains are beginning the rush hour, and a start is often made on cooking

*

Lo . . e
the evening meal.‘?ﬁr?;;e o'clock, offices are closing, the outside temp-

eratgte is fallieg, and the total power‘demand begins to drop. -

- © [N : X . -
v As the demand for electric energy continues to double every nine -

-

years, there is not a corresponding growth in capacity. In the last. few
4 . ;
. : L. .
yei&s? environmental interests and the public have oppoged new generating '

*
b

stations with increasing success. Sinég a half~dozen years are required
to plany build, and bring into operation a.néw plant, the energy shortage
% » a ’
* * . ) . < . .
promises to b%'critical for some.time into the future regardless of any

- v . . .
} i ‘ - m .
" new construction authorized' now. , ‘ . . _

.
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In the fo}lowimg sections, we want to look in more detail at this energy

‘ h - 1
* How serious is the crisis? What are the alternatives‘cpen to .
N . C e .-

“~
» -

crisis.

A the pu 1i¢? How can i lligent planning be done to ensure that a.satis-
imtel p ¢ '

&
factory compromise 1is reachad betwecen the energy dcsires of the public

) ¢

and the co€ts ‘to the environment? What are the possibllities for realizing

President Nixon's 1971 goal of developihg"hew} Slggg_sgk&ces of energy? -
" . ' ‘ \ AN ‘ ) B
: i:“mﬁgngIs ﬂher”v° - . | ' " :
In science texts, enefgy.is defi ‘« as the.éépacity to do work. yhen o, :
| a lﬁoipound mai’siimbs a flight o; airs, he gains potential gpéréy by - i P

- virtue of his height; the gravity" force pul!&ng him downward means th%t _ . .

* *

work could be donec as he Tafls. SiM1]ar1y, a mass in motidn possesses
L ] § ! s

kinetic ener?y work can be done ‘as the mass is brqught'to ‘a stop.
About 1800, %clenthts dlSCOVerLd that heat is one form of. enéfgy ‘ . ’

that two ice cubes, can be melted by rubtln& them ' .

Humphry Davy shqwéd

< W . °
(5ogcther eveh when the temperaturs of the environment is below freezing. X
« . -

, . , \ L
Part of. the work done in the nubbing motion is cpmverted to thg heat form B

A ~
.

ater beford James Joule measurc&
,' ~ o, ;
at caqrrosponding tiﬁa given amount of mcchanl—

»t
- -
* *

P N

cal encrgy. : ‘ . o
. N 2 . * - -

of energy. Actually 1t was 50 yearq Y

accurately the gquantity of he

[

.Théte;are many other ‘types of enerégg‘ Electrical encrgy is used]to

drive most of the home appliances; chemical energy from gnsa}ine drives K
~ -

.
)

an automobile; sound enarpy carries 5nformatiﬁn gégﬁfman-to man. The ’

.‘ L ;o ’
s Ehe chemical energy in focd into a varlety of, forms:

o human body converts A
A « + heat to maintain -the body temperature, mechanié%l energy which allows - \

. \g
the heart to circulate the blood and tge man to exercise orn nove, and -

L)

* .
r

] ' -
.
. L *
. .

EY ' .. o :
- ‘ ‘lr).:’ . . .. , .
PN . . ' -
- 1 . -
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eleqtrical enexrgy - to carry.signals through the nervous system.
3 . , -

While at first glance the idea of energy may seem simple, it is _

.

. actually one of- the most dTYficull coneepts in science. " One of the

.. . \
side the airplane, however it seemg to us to be motionless, herfce to have

A} . & .

S » . . L ‘~ -
¥ . : %
Often when we try to use the energy concept for,anelysés:ﬁS?ﬁnderﬂ

stand some physical phenomenon, we find that it is extremely difficult to

détermine how. the energy is converted from one form to angther. ¥For : "
A ’ - °

;, % example, there hes been a long-term interest in the energy requitred for

- ¢ . . . s : . ‘ » [
: . ¢ s '

various animals to m%ye by running, flying, or swimming. 1In spﬁte-?f the

std@%}s, there are still many unanswered., questions. o .
Al - - - \

When“a man runs, the epergy used up can be meaSured by the change

in his detabolic rate, indicated by the net oxygen int&ke.; Since the ., -,

] -

energy needed to overceme air resistance and friction along~the ground

«®

’

is negligible 1 essentially all the energy is usod-in-the motiog of the

: . . : .
\ body. The determination of how thie energy’ leidES emong these various
n . - .
functions is an exoeedlngly difficult problem with the result that the |
y /
" running process'is really not. understood at the' present tlme. “ Obvious ly
¢ -

more energy is reqdired to fun uphill than on the level. ‘But it is s'till
. . IS . .

———— gt S D S S T O PO e St MR T R e s
*

1. At top sprint. speeds, air resistance dées ve a slight significance,
x/f so it is approprlate to stallow sprint recogls under strong, favoring
wind congditioms..

~-
*

195 | ‘

problems is that-gnergy is}difficult to define precisely. If an airplane K
i . .
~-is moving at 400 mph, it clearly possesses kingtic energy: work can be |, o
- . «
", done as the motion stops. '1f we are riding at the same velocity along- , -

¢ .. } . : N S
no kinetic energy. ! o - \

joints and muscles and in accelerating and deeelerdting the parts of the A

.
<« ¢ . t *
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unclear whefher running downhill allows the muscles to use some of the

~ : ! *

potential erfergy which, is lost. - , \ - '

*
.

1f vérioquforms of locomotion are compared for different animalg,l .
rﬁnning reéyirgs much more energf than flying even though flying reéuifes
considerable effort;just to stay alo%q:ﬂ‘This‘coﬁpa%ison reveals ﬁhy'a

"ﬁigratigg,bird céﬁ fly non-stop for more than SOO‘miley, while a ground .

animal‘of similar size cértainly can not' travel the same distance w@thoqﬁ ¢

w

Fausing to eat and drink »In turn, swimming requires much less Energy
> ' ’

. . than flying,'when we compare animals for which these gre natugral methodé

. ) A .

N . of, movement. When man is imr the water, travel requires far mare‘energy

4

L than running because of the edormous waste of muscular and joint energy

as the hufian being tries to adapt to this unnatural way of locomotion:
s o . ) ' | ' ‘. ) :
~ The concept of.energy appears thyoughout science and engineering.
LI * . e '
When we speak.of the energy crisis, the central theme of this chapter, we
. 0 . * ".‘ . '
'are;focﬁssing on the energy used to drive machinery in production, heat
* _and air condition, and transport people and materials. We are interested
1 ]
in the ernergy which mén extracts from natutal resources (coal, natural
po, ' ) < ) . t "

. gas, and petroleym) or nature's sources (waterfalls, tides, winds, and

sunlight), and which he then convcrts to forms he can control for his

N - . SR
. desired pdéposes. Va fogus on a relatixel} small part of the total energy i
. i 1 ‘
concept, and in particular we omit entirely the physiological uses of p
L ’ : . - .
‘ . . energy by man himself. . . N : ' . >

T s A = G f— T ——— —— .
. ' 1

' 1. Knut Schmidt-Nielsén;_Locom tiont Energy Cost of Swimming, Flyigg,
and Running, Science, July 21, 1972, pp. 222-228
ra
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2. §roblems of the Energy Crisisl

When the publis'media discuss the energy cxisis, they usually focus
on two principal problems associated with #the rapﬁd«gfowthoin energy use:

Depletion of natural resources

®

Environmental effects

In one sense, neither.fgctor is really a problem.

When the authots were in college around 1940, there was great concern
expressed about the fuéure disappearance of coal'and oil. Dire predictiods'

were made that by 1970 ‘the United States would be in a catastrophic position.

Today we hear similar concern expressed for as early as 1990. In parallel

, . _
with this concern for resources, there is widespread recognition that many

- Al

of the.environmental problems, and especially air‘poilution, are closely

L
-

related to the increasing generation of electric energy and the gr&wth'in
transportation (both automoblle and alrcraft) -

Both™®f these problems are solvable. The world, and even the Uni;ed
étates; has‘sufficient.natu%al gesdurces (especially'coxi) to*Iasg far

Iy L]

enough into the future to allow the technology to advahce to the point

, -
-——-—_-——‘—_——————__——

! 1. The energy crisis has been discussed ettpnsively in journalq and npws-'

papers as*well as on television. Perhaps the best references from the
viewpoint of the engineer or sC1entiqt are the’ series of articles entitled :
"Energy Technology to the Tear z000," appearing in the Techndlogy Review )

- October/November 1971, December 1971, and January 1972. 1In September of
1971, Scicentific Arerican had a special-¢ssuq on Energy <and Power. A
*large percentage of the articles in Fnvironment magazine are devoted to
the sublect, particularly the environmeontal effects. Flnally, there are
many governmental studies; one interesting report analyses 'in detail the
ways, in which energy is coisumed "Patterns of Energy Consumption in the
United States," by the Stanford Research Insgitute, PO Stock Number

. 4106-0034. ‘ . ‘

& LIS

’
\ . ]

-
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. 'where 'solar -energy <an be used. We now have the technology which allows

4 . . -

the ‘tontral of air-and themmal pollutionégnd other énvironmental effects. | ,

13
*

! : < '
. e crisis arises because the U.S. social swstem has develdped on.

~

he basis of a particulaf pattern of energy use. Natural gas is used

. - . ’ ! )
. ¢
widely in heating as well as industrial processes; almost all vehicles | )

. ére‘pcwered by gasoline; the eneréy needs and expectations of society

»

are fixed. Of equal importance, the costs of different forms of energy: , .
hgve been established over the years and have determinéﬂ not only the form -

of ﬁnergy use, but such socially &ritical factors as the 1ocatioq of
: _ 1

industrial concerns. . - . ' -
a{‘?. As natural resources are depleted, the oil and gas companies (for
‘: h#amgle) have to turn to less a;cessible and more expensiy sources. As _ | .
| the gublic demands stricter environmental co;trqls, the géi:kationyand

distribution of energy in usable forms become more costly. Any significant
, i - 4
change in the cost bf one type of energy or energy in one lbcation resu}ts .
in enormous dlsruptidﬁ of the social syst%m. The threat of such a dis- '
. .- . , 2

ruption is the cause of the energy crisis. o -
o The two reasons usually l;sted for the cfisis, .

- Resource depletion . | . Environmental effects

- *

are important, but becausc these factors mear that there is a threat of

disruption of the existing pattern of energy use. : ; »
- ’ - 1 T [ ]

The consequent social effects can be severe. For instaﬁcqj many of

-

the larger cities are finding an out flow of manufacturing companies

« which represent jobs for the semi-skilled members of the werking population

Tﬁé decision bx a concern of whether to move out of the city depends gn

» .
-

s 104




- ‘ . . .
. : - ~
a-large number ¢f factors, some of which are

% Labor costs and avhilability
Tex rate '

- Transportation (o bring in raw materials and ship out the products)

.‘ Public transportation (a poor system results in lete arrivals and
early departures by wqrkers) _ , : .

Rents

* - . . A * -

Pollution restrictions‘

Energy and water costs . )
) ' ’ ‘ /
For many °ompanies, vacillating over whether to" move or not, argmall

b

increasg in the cost of energy can be the decisive factor. This extra cost

{
pmy'be the result of using less accessible natural resources, of’it may be

‘' due to a requirement to switoh equipment from natfral- gas, to use low—sulfur

oil to cut air pollution. After the company moves out, there is a snow-
) . i ) \ '

+ balling effect: jobs dedreHSe; welfare costs rise; taxes increase; and
- - ' ‘ ’ - ‘

other dndustry decides to leave.

L]

3. U.S. Energy Use ‘¢

-

With only agout 67 of the world 's population, the United States

kY
décounts for half of the total use of natural g8s and 307 of the oil use.

‘

_ The gross national product per capita is directly related to the energy
use per capita, in both eategories the United States surpasses any ot\Er

natlon by a factor of 2.1 Energy has.been among the fastest growin

.measures of U.S. life during the past twd decades (Fig. 6—1}. -

'

-— ’ ‘ ‘ -

A ) ) * -

L4 - . e . Y

1. The relation between energy use and the standard of living is discussed
for China over the past 1, 000 years in the article by Earl Cook, Energy
for Millenium Three,‘Technoloev Revicw, Decembef 1973, pp. 16-2 The “w~
article is an interesting projection of the world's energy utllization )

- well beyond the-year 2000. . . )‘
" . » . R .
S - 1oy \
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32

Qnited.States energy gonsumption is:equivalent to 400 people working

full-time for each member of the population.” In other ferms, we average

f
-

40 horsgp?Wer per persenl‘aq all times. Of -course, the use of energy is ~
horrendously inefficient -- for example, we use a car éépable of 280 horse-

power tp'mbve‘one‘penﬁon. This is even more extravagawt than the phareohs

® t -~

~of anciegt Egypt, since 'it corresponds to 2800 slaves carrying one‘individual.;

The. energy is used in three genefa; ways: . - S, : ;ﬁ

R TgaﬁSpd‘matign -— 247

7 L]
] . DY -

el L, (Ziﬁlndgstrial4manu§gcturing — 43%

'.;ﬁ | \‘;kﬁ) Héﬁe climate control and,appliances,':chools, government, commercial.
'V.H‘fgséagiishmehts - 33%2 A ; : * -
{:2-;45 Eyéféngrgy'comes from th; following sources{‘ \ ‘ . '
. : '
2 | Goal — 20% Petroleun -- 43%
a ' Nétural gas -—- 3372 .. - ?ydroelectrgp -— 47
Néclear, geofher@ai, tiﬁal, solar, wind —- less than.lZ .

From th4s general backgrbund, we turn next to a consideration of the
’ . . - - +

g -
detailed factors which have combined to' lead to the ‘current energy crisis.

S— ‘ ' . - . . ]
T T D ] ‘
1. One_horscpowef.wag defined by James Watt about 1800 as the power which
,fi * g strong horse can deliver. He measured- this'by having the horse 1ift a }

bucket of water from a well. =One horsepower is equivaent to liftipg
* 1550 -pounds one foot in one second; or about 3/4 kilowa®g (0.746 kilowatt)
in terms of clectrical power. " He must have had unusual horfes, since an #
— average york horse is able to furnish somewhat less than one horsepower.
\ . . - N
The humat being can provide one horsepower or slightly more for only
a fraction of -a second. Over reasonable periods of time, .a man can furnish

about 1/10 horsepower. o -

s . [
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4. Contrihntorv Factors P a

While the energy crisis is caused by the threatened.change in the

pattern of energy availability and use “(Section 2), we can~list a number

of factors which have combined to bring us. to “the present situation.

'S

(a) Environmental deterioratige. The energy system impacfs the
environment at every step ™ from the mining “or erilling operations to the

distribution and use. Coal®mining is increasingly restricted to reitore

the natural beauty, particularly after strip nining. The damage from

o

i leakage in off shore oil drilling has }ed to‘strict restrictions. The

electric utilities are increasingly required to control air and*fhermal

. -

ground, and tankers for distributing 0il must take stringent measures to

ninimize discharge into the sea. Steps such ag these, while strongly in

L] .
the public interBSt, qxert pressure toward increasing energy costs.

(b) Accelerated growth: In the last fewfyears, the use of energy has

grown at an alarming rate. “From 1830 IQZU during the peak “effects of the
Industrial RevoLntion energy use grew at a rate 607 higher than the growth

- rate of the gross national product (GNP). The major change during this .
* 1
period was the conversion to mechanization, which was energy intensive.-

This‘country then entered a period (1920- 1965) during which major

. improvements were made in the efficiency of 1ndustrial PIOCLSSGS, especially

«
N

electricity generation. Over this period energy growth wap 20% slower’

than growth\of the GNP. - . ;

-

- . i

ince 1965, energy use has been growing at a,rate of 5% per yeaty
well above the expected 1ong-term growth rate of 3 4% per year for the

CNP. This alamming growth rate is pargly the yYesult of suoh innovations

. pollution. " overland electric power transmission is being shifted under- -




t

L .
’

4
L]

as widespread air conditioning,'bqf it is also pa:zly due, to a‘dAcreased\¢

\ .
efficiency in electricity generation. Many of the electric utilities
A

have not anticipated Re growth of demand or were hlocked in buildlng new

facilities* the result is the prolonged use of outdated equipment thh ;/

*

* poor Efficiency (and unnegessary contributions to hir pollution) The
situations in both Chicago and ﬁew York are eritical; fortunately, the

past few summers in both\Efties have been unusually free’ of prolonged hot
‘sptlls. /. ‘ . SR

Vg
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-  (c) Electric enerdy growth: Closely related to the above, the growth,,fi

. o

’

of tne use of electric energy is parpdcularly impressive now. running f"_

‘

about 8% per year (oxr doubling every 9 years) - Today one quarter of the

N

total energy uged is consumeqd in the generation of electricity, and the ~.§f‘

.
fraction, promises to hit one half by 1990. . v n,ﬁlf'

‘ r .
In Ca}ifornia alone, *lanning bg the utllity companies indicates a

need for 130 new large ganeratlng plants by the year 2000 ,A Rand Corpora—;

tion .study has shown that, if the aAnual growth rate in use can be cut to L

3%, the required number of new plants can be reduced to 23-~—.still a‘

-

difficult prospect since 50 little of the coastlihe is ieft which satisfies

-

ecological, economic, and technological constralnts._ The question is. ﬁ“;
can the reduction from 8% to 37 possibly be achleved’ e f,‘ e

s

(d) Limited oil and gas reserves: As ind;cated earlie;, the

A ' . ‘ .
£ . . : L -

economlcally'available reserves of natural gas and oilaare limited in

K .

this country. The United States po;sesses 11 years supply oﬁ proven

. .

natural gas reserves, although large additional quantﬁties could be obtained
b 4 ' % Ve .o
at higher cost from deep drilllng or by coal gaslﬁioation (in each case, o

*

"g .

the cosﬁ(is estimated as fou{ times the presentulevel) In qrder to stretch

g ¢ "‘ < L .
¢ ? : CoL 1 ; R
1 . .

~—




’ ;fﬁ}{' u.s. produetion will ‘be incneqsed by.less thaﬁ 20?

-\
l.‘
f

194 ot : . ' )
- ) ' ' . .

the.domestic supply, large euantitieé_are ﬁow.being<imported, for instance
from.Algerla, and ‘there are tentative planq to purchase from the USSR

:“ In oil the United States now produeeq about 2/3 of its use, but

v 3 S
productlen is only ekgected to increase slightly as use doubles over the

PR t." L Y 8-

fl

next ‘15 years. Even if the coptrover51al tranq~Alaska pipeline is built,

‘\\fm At (XRY]

.“¢" In the world as a whole cenveuient gas and'oil supplies seem JEEquat
- B X \ “ ’,\\ ’ ) . }
?’to the yeq} 2035 ﬁhile suffic1ont cqal is availableifor perhaps 300 more

El

).
ce

i . S,

P p . PP
PR vt . . / 5
o : y

'
I

L >

n

(éf(i@pact'oﬁﬂforeign'réigtionéfn

Thus

e

N -',
”~o,

+ &

“the, United States depcnds

‘!

: \
heaV11y on imports of. beth oil and natural gaq,

s

sources of qupply has Lo bq cloeely inter related with dur fqreign pelicy

In particular,ethe 0il of both the Near Fast and South Ameriea (e%pecially

K

Vcnezucla) is important.

.
)

The nced fbr external

Assurance of theqa 1mport% becomes increasingly

difficu}t aQ“the oil- ricf'countrles strive to- improve their standards of
* _-' a . . ' '
1iving and emphasize their independence of Lhc United States and hestern,

Europe. e i - y AR DR ﬁ . FS

[N

(f) )xqappeintmentq of nuclear enerpv'

\
hopes that by 1973 es,entially all new’ elettr1c generating capac;ty would

bh nuelear. InStead

P

“

P
o,

+

-

\

we now - flnd that only about 3/ of the electrlcal v,

.‘””4\energy .cones from the:29 nucleal plants 1n opor&tien. No full oper ating 1

e\/

In . the 1950 B thexe wore hlgh -

-4

T

license hae been grantcd in over a year, although ll} plants are o:ther

unde: con:t;uction or'on, order.. Wiﬁh a° 7—9 year lepd tlme requzred for

4

3

. s L ‘
-accounﬁ for-less than a quarter ef‘our e}eetrie energy, even under the

-«

\

i

A

censufuct1on, it ie now clear that by 1980 nuelear plante will etill

&

l'most; optinistic assumptioms. T ... : Lo
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The disappointment has égisen for several reasons. .The hoped~for coet

S ‘ N .
\‘ economy was often not realized as -construction costs exceeded estimates,

R * - : ) ' V4
Nuclear plants are most economical when.they cambe dperated continugusly . 7'
: : : , ’ v o . '
at normal power -— a primary reason for the common proposal that a ear -
. ) e ? -

r

.. plant be combined with a pumpedwstorage facility.' The latter refers to
. ] ,‘ .

a hydroeleétric plant fed by an artificial lake rat high‘altitude; During
. - - ' \ , ) . - ‘ » “‘

the night when customer usage drgps, the nuclear plant'output would be used

to pump.water ‘up ;o-tHe elevated reservoir. The next day}’wat r from the 7

elevated lake,bould be allowed to fall'through turbines to generate electri-
N ‘ ' ~ : - * . ’ . ] ' .

.\ cal energy during pgriods of peak load. The total-system would then operate

. the nuclear plan at maximum economy..- y

A secprrd problchm has been safety, particularly from an unusual accident.

[y

or sabotége. Daring 1972 thé Atomic Eﬁergy Commissionjrecagnized the . *

'pgsﬁibl.e safety problems and: ordered- reduced-powe‘* operation in sevgral / 4

ﬁianté. A third'p}oblem has been thermal pollution when a river or chore
Ty . W .

T . oo - .

" reglon.is used for cooling,water.: The questions on safety and thermal. .

bolluﬁiqn;havc;been the principal arguments of citizen groups organized
' . 8 ‘ ° ‘ « . T

. ‘ . . \..( . e | ) .
o appose neww. nuclear plants in several parts of the, country.
. T e s ‘ ' ” ’ )

p ) A'-. . . N . e . .,

’UIn,orden to avoiﬂ lengthy public hearings centered 9n the safety and \
thermal pollution issues) the Publlc Service Tlectric amd Gas Corp. of - : v
._ l P

"New Jersey is p]anning a nuclaar plant 2.99 miles off the Jerqey shore.

“ 1 ’
¥ *s h

The reactors w1il be on floating platfo

Th& plant wilf ‘be protqctcd froq}ﬁigh sea

~ . 2 1y

‘faecidential ship coll ions by twO &}ant breakWaters, the one taward the

. - 4 ¢ .
A} ,r L]
.  coccan, “semi- circulaq and Lhe ‘one Loward land atralght with a narrqw channel
. P ;, - i b . Lo . . e . » -« v L ]
_:f/ ,_I)‘: ‘ R ) . .. . e P v ‘ o e N e ~
o L e A E T S '! ‘ . ) .
» ’ . ” ’ . ( . .
N . - t -8
) v . . s - '2“ S vl P)
. \!» b , [y “’ .
. t 3 . g ‘ )’
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) & {
between the two. d?h other words, a calm "lake" wjll be created surrounding
! = : \."‘ ' ‘ "..L.’ . o « v - -
‘the reactors. T e <oy | ' A C

. ® . . *

« i AR} . . - - -
ems to have sych attractive advantages that thexre have
L) : - ' ) S

The propos@l

- -

L3

been predietions o] a-chain of such plants aroupd the ¥.S. coast. There

B . i i ’ O * IS . . .
is, of goursec, pleny of cooling waqfr, and oceanographexs feel confident

L ' “ ! ’ = n N .
that the thermal "pollution' will have no effect on marine life. In case

. _ ; b

of an accident, the xreactors are well Separated from populous areas by
- - ’ . . i * . ) . .’. ‘ .

the three miles of ocean. oL o ‘- ¥

5. Alternatives or Oétions ) S \ ‘,

If we accept the current situatiqn as depicced in the preeeﬁin% :
sections, 'the ehergy crisis is a-fact. What options,a;e available to .
ameleorate. tTe sitBation? ﬁow‘can wve avoid an increasing frequency of-

black=-outs and energy ehortgges during ®he years ahead?

[ - N .

The possible actions @ivide info two gederal catego}iés: o
(1) Eegal, political, and social ' | . : ;,&f
o Cb) Technological ) L ‘o o~ .
P ’

In this socio- teehnologicai ¥r€%lem a{ea, the technological solutions tend

ta be relatively 1ong—term Jﬂst becauqe of the lead~time required to |
-~ . &
: build ney facilities, even if ghe technical Lnonledge is available. In - °
LS . .

-

adoition, the most promising technologi¢al optiens (as indicated ip Se}tion

6) are still in the research phase.

For the rest of this decade and probably w811l into the 1980's the:
United Snates will have to live with a conti ug ergy crisis, one which
i§>1ike1y-to become steadily worse.l If we agrée that available cnergy
L e e i W o
1. If the 31tuation becomes suffic1ently ;ritxcal and detrimental to the
quality of life, a national energy program similar to Apollo may be polit-
ically, attracglve With an all-out effort, technology could yield
remarkable improvements Within a decade. ~

[,

- - ‘ ~ i

k}ftj-\




" as’a means to modify usage, amd the Commission Can place restrictions on

- . ‘
}, middle class. Other large uscrs are gndustry and apartment houses; in

-
- ! - L.
. \ : . a0 i , . P

‘(partlcularH"electrical energy} ‘will not increase to meet'the potential

Y+ . PR ~ ‘ v
_demand wefgg;e to ask what sseps can. be taken to cut usage, or at least Sy
. 1 . . * . B .
to slow down ‘the rate of“growth.u - o o Sl .
.Regulatory action&r e ,'_; . S g
. ; . / . . S . ) . -
. The cost of electricity is controlled in each state by a Public SN <

-

‘Sérvice Gommiss1on. The structure of rates is. availabfe to the government

- - -
M ‘-

. -

utility advertising and opcrations. . . _ :
N M ) . . .
¥ ? : o . ' .
At the present time, the rate structure is usually designed to encourage

L4

-

increased use: theQ{nit cost deireases as use increases. Special rates ;,'

are given for appliances such as water heaters, which represen!’energy

-

use - during times when. the total load is low (e. g., during the early morning .

\ Y
hours). -

“ To dlscourage use, the first step might. be at least a flat rate .
structure. In addition, there could be a penalty for use during the hours

of peak load, although this‘change would'not be simple to do technically. e

There are objections ‘to wuch a change in policyr In New York City,
as an example) the tyo largest users of,e&ectriéity‘sré the subws§ system
and‘tﬁe local government (for‘ligﬁts,'building operation, and so forth).
Penalizing thesescustomers would directly lead to higher shgwegsfares aﬁd .

reluced mobility_for the poor, higher taxes and a further exodus.of the

-

neither case are we anxious to increase economic presquEs.

. — T ——— — —— —— — O T Tt (s S A

1. Two articles on energy conservation and reduction of needs appeared ?h‘
Science December 8, 1972 (pp. 1079~1081) and December 15, 1972 (pp. 1186-
1188). . .
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- A second difflculty of using the regulatbry mechanidﬁ to decrease

‘_Afassage is’ that the elasticity of demdnd is. very low’ A price increase has.. T
re . “ . e )

little effect on, sales. M st p eple just do not associate costs with

o

. séecific appliances.. The {ypical hom20wner has a poor picture of the -
. C e e )
] annual cost of each of  his uses of electricity (televisien» range, washiug Ny

* -

‘machine lights, and so on). The normal family is quite wilIing to limit

.
- L ‘

: /
its use of air conditioning:when Ehe outsi&e tcmperature is 80 F, ng much -

-
o

. 'less enthusiastic when it is 98° F, Unfor&qnately, the latter conditien

\ - . lr
. is when the’ energy crisis is critical - . i

L]
-

while regulatory autherity caﬁ readily'be used"to attempt to rcduce-

\ i
energy usage, there is little '1ikelihood that thc effects will be ycny g

b3

large. When the energy crisis is as severe as it ﬁromiscs to be in the

’ e

next few years every helpful measuii should be taken, evern if the benefit

; #, |
is small. s ¢ ‘o T ;
1 » - .! - ).' ¢

! . - b ] 4 .
Education.and advertising ~ /

4

As'a'naéio&, we are wasteful of energy —--.not only in the automobiles
eﬁd srmilar extravagant uscs of‘pewer, but also in many smaller ways. Few
bd@ers of air conditioncrs‘wcrry about the effrciency of the unit or
whether ir is.uﬁnecessarily poeerfu} f?r tﬁé planned‘use: During the hot
summcr days, rooms are efren kepr appreciabiy cooler tﬁan would be normal
during the winter. . | |

" : . I P

-~ Home.insulation is often inadequate and incomplete, with the result

/ ) 4

S

that large anounts of heat are lost during Lhc winter .While oil or gas
heat should pernit efficiencies as high 35'70£ the typical home fummace
operates at 40% simply becluse of maladjustment. Lights are left on un-

. ' -

- necessarily; in some, modern office buildings & single switch controls an

' o

Dy
<




entire floor, so that one worker uses illuminétion sufficient for hundreds.‘
s . « ' N 4

In tertain cases,’ lights can not be turmed ofﬁ‘githout disconnecting the !

. ) ) ',l *
entire electrical system.. Incandescent lamps are still much more common

than the more efficient fluorescent lifhting. The frost free feature of . ,

| > o E . T
refrigerators increases ‘enexrgy consumption._; :

-
A Y

) In proposals to cut the growth rate of electric~energy usage from

‘its‘present 82 per year*to sometning like 32 the principal hope is to

reduce the energy.waste in homes and commercial establishments. Under

-~

‘pressure from the regulatory agencies, some of. the electric utilities have
N__M

L
energy. The company, which not long ago advertised to

now converted their advertising toward a public educatiz;‘program to save

top burglary by

jeaving a light burning, now publishes long lists of ways to save cnergy —-

such detailed instructions as

Don t pu! hot foods in the’ refrigerator

Vacuum only on weekends .

Keep your oven closed while roasting; eagh peek costs 25 F ] £

-
”*

Use the dishwasher once a‘'day - .
W

Leave the thermostat at one setting

*

Do all cooking for a day's meals at one time - | \

V

Keéep blinds and windows shut on hot susher ddys '
Rei:ce the wattage of corridor and closet bulbs . : _ \.*\:\

There is a real questibon whether such a program can make a significant
difference in the use of électric energp. ‘The problem is again the.
"tragedy of-the commons{ discussed on page 178. Each person has to be
willing to sacrifice some personal benefit for the overall good; he can
not act to maximize,his own*pl%asure or comfort.' : -~

The problem‘is also complicated by the unccrtainties of how to present

’ anfeffective_educationa} program. ' ' -

-

(’)‘ Loy »
LN’;
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Legislation o - T o o . ’ _ e .

Enﬁrgy use can also be reduced by'legislative mandates. Slight

' impfovements can.sometimes be made- relatively painlessly, {or example by’ )
. & " ‘ < . ~
taggeriug working hours to reduce'tbe peak loads-on mass transit. Wastage !

can be- taxed although not always easily / If an electrge utility is taxed
L _ ¥
A for using lowTefficiency equipmeﬁt, the cost of electricity to,the public P

risES ever more (it probably is already high because Iow-éfficiency genera-
9‘ .ga . i _,c.

. tion tehds to use outdated machinery which is expensive te‘?éenate) A Tax
-~ .

L4
.

ce such as an

on waste might be possible by ma)ino the tax on’ an appli‘

air conditioner depend on the efficiency of the unit tegtainly the man— . -
o AR ' .
ufacturer can be required to- display the efficien _ of'the device, hope-
fully in terms understandable_to the yublic.1
r3 —

A significant reduction 4n energy ﬂse uld be accomplished over a
*

very long period of time if building cod were changed to require insulation

in homes and heat—reflecting glass on ommercial buildings Estimates are¢

or climate control could be saved in .
Y

that 40% of the energy used in inte

all new construction.

ol

More drastic legal measure ‘haJE'been suggested. Electric home heat-~

ing might be forbidden (elec icigeneration is only about 30% efficient,

- and often overlooked is th cost of the air pollution which results from

-~

the generatien by today';/plants:yhich yee primarily fossil fuels). For'

12.2 Btu of cooling /per watt-howf of electrical energy. DNew York City
now requires that phis information be difplayed

.
B .
3
- ' . / . -
.
.

1. Room air conditz;gers vary almgdst 3 to 1 in efficiency, from 4.7 to




[} ‘ A
. X s .
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the same reasons, the electrie automobile seems to premise no. rea} h0pe

N ‘ ¢ i .’ ’ L. _ { * ‘
id 'the next two decades, - L .o Co ]
If the energy crisis becaQes sufficiently severe, even more drastic .

legislation may be proposeé. The menufacture orrsale of air conditieners'“

and appllanees could ‘be. forbidden or limited‘ pexhaps by an exeessive tax

or by using a lottery, to determine eaep year's lucky purchasers., When

. \
,such thoughts had been presented in‘testimony befbre a Congressional . - °

" R o
- .
- . -
-

committee studying the energy crisis, a Congressman responded "Have you no

) -
¥ : ‘ oo
ideas that are useful to this committee?" . L - .
- ' . 4
Finhl comment / v T o '
In this section, we have looked briefly at some of the measures which “\\1- A

might be taken to ease the energy criéisAduring the next decade. Unleist
we can‘imagine-a raﬁieal ehange in the American pattern of 1living, no o
combination of theee stepe is likely to provide.more than a shert-term
amelieratien. Qver the leng term, neyftechnolugy must proviee the seiutioe,
and hopefully before- the impact of the energy crisis is disastrously dis-

ruptive. o S, D T

6. New Technology

Table 6-1 shows the rapid growth of the federal program in resecarch

and development in energy problems. During a four-year period when science v

- ¥

and engingering research programs were totally at nearly a constant dollar -
level, the'energy program has nearly doubled frem $363 million to $622
nillion. : ' o ) ,

. The table is important because it indicates the directions judged
to be most important by the fedéral officials and the advisors who. have

guided this growth. ¥or example, the fifth row from the bottom (Geothermal
r. ‘ . {
QY
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’ - ' " . FABLE §rl '
A ' FoE e ‘ : )
. T e A Becanral and Dy . .
« _.Federal Funding of-g@mergy Research and’ Development .
. _ . (in‘mi¥lions of dollars) ' .
c" ' 4 - ) ‘ ) ‘
g 'Y 70 YY 71,  ¥ryivi Y 73 ,
‘ 4 . s .
¢ Coal Resovrees Development ' . : A o )
g | 5. 1 ' 5. 4N $14.7 19.0 M- )
Production and UtilizagR R&D, $13.2M $15.4 M 514.7M 0 319.0 MT .
incl. posidicatioh, lighifaction . ; 13,5 }343 . 31.}’ 45.3
and Mty L o, et ‘ .
‘hﬁ*ﬁhz" Ihmlth and (:l)' Rcscaroh ) '. 3'.7 14.8 31.0 ) )30. ’ N
. . ' ¢ ' : “ ’
~ Petrolawn and Natugal Gas R
. N . T \
P;ftrn}‘mm;,Fx!rat‘:t.i(m Technology 27 =« 2.7 3.2 3.1 ’
Nx}cl;;zu' Gas Stinmulation? 3.7 6.1 7.0 7.5
,Oil shule” ‘ _ 2.4 2.7 2.6 2,5
. Concinemtal Shelf Mapping - - 5.0 1.0 .
. ) . 6.0 6.0 6.0 6.0
» Nuclear Yission - .
. .- ) V.
LMEgRb ’ 144, 3 167. 9 3646 259.9
pi - : i 0’8 1.6
,Oi}\o r Civilian Nuclear Powerb 109. ! 977 90.7 94.8 .
. s" ‘ & . - . )
Nuclear Fusion, S . ‘
. - .
¢ . Magnetic Cnnﬁnonnmtb 34,3 32.3 %3. 2 » 40,3
Laser-PPellewh, € Ca . 32 973 14,0 29.1 o
- Y . T . - '-‘,,.-_ -
. . L .
Encrpy Conversion with Jeas | ; '
Fayivoimental Tinpact | 3 S ’
Cleaner Fuels RED-Stationary Sources a 19.8 ! 17. 4 24?’5 29,5
’ SOx Rernoval ‘ . - \ - 2.6 15.2
- ., « Improved Fnerpy Systems 0,8 3.0 2.4 2.8
Therioal Iflects RED _ ‘ 0.8 0.6 0.7 1, Od
1.5 1. 8 . 3.2 6.8
: General ¥orrgy RER . ‘ &
. Encruy Resources Rescarch® 1. 1 5.0 9.8 13.4
. Geotherinal Resources 0.2 0.2 © 0.7 2.5
Engincering Encrgetics 4 2.9 2,17 4.0 4.7 | N
Rescarch, ’ . ‘ . 'S
nderground Transmission .- 0.8 . 0.9 1.0
Cryopenic Generation . Ty - - 1.0
Ngn: Nuclear Energy - . - ¢ L5
R&D ‘ o .
$3632ZNM $4052M $524.7M $621.6M
- L
. . = .
L] v LY ‘
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Resources) shows a very rapi& growth from $700 thousangdto $2.5 millica »
e. . - - \ X ) “

this year, %yen though the total c¢ffort is still smal}. The growth =« r ;
v . i : - R
e <« - . . ‘ ' - ¢ &
demonstrates the promise of this’potential ‘source of/usefnl cuergy, the oo
¢ * . P . 4 .-
- j 3
low level shows that’ there has pefen very dittle attention to this possi= !
bility in'the past. CLe a. o
. . . ¢ ~ LA SR P
i ) - / . . . . ' ‘e, 2 ‘.. *
In .this® section, we discuss briefly a v of the important and - ' .

. .
. L . H

-

exciting directions of cntrgy reacarch and development.,
. ' . .

2
) . P R ¢ '
Geothermali enerey ' A
—— t e s ae e e —— e

.
Pt}
Prhasifi e -
* ’

Pacific Gas and Elcctric Company now'is operating att electrie generat-

ing station from the geysers in the Sonoma Valley of California. Jihe energy
. . . . a :
‘ © %

is drawvn Mrom the'heat well below the surface of the carth. This concept
- . . L

- - [ 1’

of using this {antgstirnlly large supply of enurgy is not new: for almost

70 years, electricity has been' generated fron the szeam coming out of the T
. ) " ‘ ‘ ’ ' -
“ground at Lardercllo, Italy, and bulldings in Reykjavik, Iceland are heated ”

14

by hot, Waterﬁfrum &h“'&“?ﬁﬂr fields. .
: Ny
Hot springs and geysers are cxceedingly rare. At any place, however,

\

if-one'drills far enough belbw the surface of the earth, he hits hot, dry

’ ) . O - . . !
rock -— often at 900°F, In many places, this source of ecnergy 1s near

- ‘ » .
enough tjﬁisnuface (as little as onc mile) to be reached by cconanical
. : t e '
., drilling. These. regldns often can be found by the large number of very® o

small local earthquakes.

e
o

At Los Alamos, New Mexico, for example, two ISiOOO—fnot holes are//(
being drilled down to the granite which is at 600°F. The rock will be

.

cracked so water can penctrate. Water ‘is then allowed te fall into one

hole, it tumks to steam at the rock, and stean rises to the surface fhrough
. :

AR
BRI

. - | ‘% Y .l . - ! .
the second holﬁm- This steam is used for the generatio’ of electricity. .
" ‘.‘:s ! .
n. L] d - >
B
o J _ 91 .
. ‘ ~ 1- A 1 T ’ ".
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‘obtained for only the cost'of two holn%.’ The energy is free. L

3 /
‘technologfg#: dxfflcultles.' The sceggfz;lch IYSLS is at a temperature

LS

) .
.
.
. N . .
. - * -
“ o . SN

>

Superficially, the sbheme 1ooKs cxcbediﬁgly attractive! 5team is

4 : ’ . ,

8

Nature is st¢ldom’so kind, and it is not surpri%in%kthat thete' are

, ‘ _ , ] .

* much ldwer than needed for efficientggcnengéion of electricity. The rising °°

)

) _ ]
- . - . ' . ‘ -
steam may have excessive amvunts of sulfur and salts, with air pollution
. - Te . . Y . R 1 . - .
fp ) < 2w o c. * . ¢ - . .-
the rosult unless costly cquipment is added, Because of'uncertalnty ‘.

\ B
- ~7

about tlic economics of clean electrical gcnoratlon, the futurd place of

gcdthermal sources In the\tetal energy picture is not clear.’ . -
Extraction of}oq&il,fQQXS\ i o c }: L.

- L e, -« L e

o - ) ,
The first thrge lines of Table 6-1 refer to the federal programs

directed toward betterTutilization of the emorinous supplies of coal
. * : . -

' - . ‘e . S . \
available within this ceuntry. As shown there, as littlg as four years

féserves of gas and.oil can be cousecrved by a switch to coal in many

€ Y «
ago, very few research-development dollars wore allocated to this field;

. . * : .
it is only very rccently that planners have recognized that the limited

/

“applications. The result is a rapidly expanding program in thq(Dcp&rtmoht

S

" and safet& rcsearch. 200 miners are killed ecach year and many more develop

*

‘ One intercstlng item in Table 6-1 15 the third line for mining health

of the Interior under two organizations: the Bureau of Mines, and the

I3

et

foice of Coal Research. -

A major thrustfeé—{llv‘progxdm is toward cleﬁn coal gasification:
Lhe‘praductlon of clean» gas to replace gatural gas. Prxnctp!i limltatlons
are the cost of the éas produce& and the‘iarge quantities of water needed

for the process at a time when fresh water is also in seripusly short
P :

supply in much ‘of the country

]

- r
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:

Black Lung disease. In the latter ,category, the government'gpw spehéL‘.

one billioa dollars annually for sufferers and‘survivors, seeningly . S\

disprogprtionaée to the 30 million devoted to prevention and tO'émprove— -
‘ment of conditions in the mines. o

. ) - H A
$olar energy . ., Y
Fs . P . * ’
“ For -many years“there have been-hopes that energy -from the sun could ~

'he used directly for heating and particularly fow the generation of .
. electriclty. In Table 6~l;,sorar—energy research 1s included within the
(¢, - -~ . V- ",
line“entitled Energy Resources Research, sponsored by’ the National Science. .,

> .
Foundation. I ! . N

s
-

Use of éo%ar ehergy for electrical generation is feasible bnt.economi-

4 ks ’

cally unattractive. In the past, cost determinations have shown a flgure ‘-

N .
as much as 100 times “that for fossil fuel systems. To collect a significanc

amount of energy, the plant wpuld have to/he lodated in a cloudless desert
arei The collector would be a carefully designed surface, perhaps alfpst
two miles_on each side, and made ofgvery thin layers of materials chosen .
SO that it absorbs most of the heat but radiates very little away. |
J‘_Jut Even 1if enough.energy can be collected, there is a problem because
.éiﬁsﬁgical geﬁefatlon ie most efficlentfﬁken the turbinee ere driven by'

€

* . ' .
squm at high temperatures. Even’the most optimistic plans for-solar .

L4

o — ——
L]

1. Uafortunately, black bodies which are good absorbers also radiate well
The solar energy is primarily in the visible part of the spectrum, while"
most of the. radiation from.the collector is infrared. The trick.is to
build a surface which 7looks black to,visible light, but like a’ mirrog
infrared. This can be aceomplished by layers of thin films: the oute
layer absorbs visible light but is transparent to infrared; the innerx layer
reflects the infrared. One further pnoblcm 'is the high costs of keeping
such a surface in a vacuum so air dpesn't carry away the heat, and T
dirt subtract from the collection efficiency.

- . ' . N .
§

s . *

\

to
Poa
.-m-
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: generators ¢nvision a relatively 1ow efficiency procsbs < which dis ‘
"y s A ' “v. B
. i S

. economidally attractive only Lf‘the lost: heat ,can belégyd for other ‘ : :

: . B
!
purposcs such as water désalirfzatlon. Thus, the feasibilﬂty of ;he
. . : € . .
direct use of solar energy fonﬁecectrical &enerat;on 'is still very ‘ : '
L . ( ; i - . . . . \v"
questlonable although therp arc a few engrﬁcers who are ardent advocatgs. :

Solar energy, fox hoﬂe h;étlng and\ﬁtl condltionlng on_ the othar: Cr

~ “hand, does seem attractive;,it iS'already econqmical in such arcds as

M, ‘ ‘ e . . ’ ‘ : A A.

- ¢ : " .3 3 ’ ’ . ‘ Y I

southern Callfornia {outSIde the smog region), and ehuaper than elec- g
1 .

tric heat An the New Xork vxcihity, athaugh stlll twice the cgét of

[

0il or gas. Under research since’ 1938 at .M.I1I.T., the qystem uses a ‘

. i
oD by 1 ' '

roof” tollector; watcr'pass Mg by is heated and then stored. Tae'most

. * 2 )
pronising arrangement uses electric heat to complement the sblar energy,
V N ] . ~‘ o ) . .- -«’ .
since -the latter dem&ngs(sunshine on at-least every other day. f' :

Other idecas C . : ‘ .

-

rhcre are sevexdl other attractive rescarch arcas. /A total energy !

system for the home is belng used in newer apartment complexes. Here ¢

an intornal comhu tion englnc drives a genecrator for on-site 91cctrical
eﬁergy..'Tpe exhaust gases and waste anergy are used to heat or air o g

" ‘condition. The {ame system can also handle solid waste compaction (and,

»

: s
indeed, in a few Qjties waste buming in incinerators is now‘;:}ng used

to give useful energy). | ‘ . "

. -
’ . f
.

In a parallel experiment with self-sufficient systems, fuel cells

q&are being used in a fow homes. With hydrogen a possibility as an encrgy .

source, fuel c%lls yield hlgh efficiency (50-55%, comparedfto fossil-fued

l

~j§en§ration at 30-35%) and very little pollutlon (water and carbon dioxide

¢




o

. '\ o . A Lo e
. N \ . . ] . - « /' .20 7 ‘4.‘.: l
! - . o A ' i L. 3 ! R l‘ ) ~\-
, are productf,cgnd thermal po&f@&xoa is reduced by the th e{flcioxry)
. o LI ‘ . . \ f
' _g In both this application and the above tcta? howe energy xystem,‘the "

A ~ y
dnitial equipzent cost and rmaintenaice prohlemd. are sevdre; prdbablyﬁ P

-~

N A T . CoL
the homeowner would rent the equipment from a ytility cownpany. -

- . : « * 2 .

Table 6L1 ggdica{gs the‘maf&q research in the liquid-metal, fast

‘.
-

threcder recctor (LHIER), in the lonf-temm hope of controlling nuelear
. - ) . .
f . N . ' . \P"/‘. . -
. . 1 s ! e ¥ S I o1 . .
fusion, and in generation and transmission using eryogenics-:(temperatures

< - ' N L

very near asolute eevo, so that there is no- reaistance to electricity

and hence nb energy lost in heat). ' - . - =

&
1 .
In thi ip field of energy,'thcrc;is akso an assortuent of much-more
‘ ) .

. /
radical preposals, of ten promoted LﬂLhU&lﬂ%thllly by individual scien~-

<
r - ,

The tides coutain enofmou

-~

‘tists and ennineers. s\anounts of energy which

is unused. Yinds provided encrey wears azo when windmills dotted the
I3 i .

western European landscipa. In the occan, there are areas where the

- ¢ 4
'

( . © . .
tegpotature chinges ranidly and heat energy might be extracted. | Solar

- ' . v '-. .
.energy pight be used tg grov pln)ﬁ to bc burned or to préduCe chemical

' ' o ; . , s
changes which could store energy. Finally, thure is a proposal’ to orbit
- "

The enecrgy would be converted to

an enormpus solar-cnergy collector.
. ”

microwave frequencies and beamed on to an earth receiving station.

7. Final Cemment

The cnergy crisis is so very important because the elements of
) \C ~ .
extreme social diffilculty already exist. Natural gas, in particular, 1s

limited. Electrical generating capac#ty is only slightly greater than

\ : - :
. — . . . e
demand in paak periods, while electrical use.is .growing at the alarming

rate of "8% per year. .

A

S
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‘- .-\,'” .. % . NOISE ENVIRONMENT 7 o " =) v -+ . -
‘ ¢ - }.' . . ‘ - "; . o :: ﬁ)- . . ‘ L, , ) '. ;o )
Y L .

¢T1 époken word e"'is‘foénrdéd and pFayed over amd over again to v, , -

'(v‘_.m;- ﬁMH@b“f'j | . .

i . ! . * - /
- . foa

a li stenen. I§ Ehe ‘prd is. Igp@ﬂted tWIlQ ecach” Recond for threc;uinutes,

l ‘ N \_ﬁ, PR ' @ -
a total of 360 thﬁvs, Lhe avezago yeygg adult hears e!hing like six

;
.

. ¢" r'-' . b )
dxffeanL vords, wah the Lhan805 cccurring—pocsxbl) 30 timh?/ ‘He will o
hear such xeLaLed Lorms as Mease™ "fee', "tet", and 50 fcptn.l ' ‘

i { » . [
. 4

. 'Thc'hftonishfnﬁ'featuré’of this ereriment however, i§3that thé

IR Y
. . [} t . 1] .

results ere age deende%t. A{\fhc age of 9, the ch11 experionce*‘no

-
»

illusions, by 8, he he_arsg) the full group; this cgapabilit:y lasts until

the‘Nb’s, when 1t starts to deu ine; by age 65, he is back tq/;he status L

2 A *

of Lhc {ive- ypagJo%ﬁ chlld Apparently the erfeleun of illusions dcpendqé

3 “ \ m‘ ' ] .
on the way in which the indivldual S nenvo,system and brain proccss the -
‘ » . , ) ’a . e .
sound.inpu#é. ' . -
. /. . ;
- ' - , . -y . . ~ -
The éxperiment illustgates thg fundamental problem when wé ch to .

-
[

-, ) - Y A

study the ceffects of various sounds on huﬁhn{beings. A sound sighal is

.a real, measurable thing: 1t is simply a change of ghe‘préqsure in the ‘}h

-

air. When it reaches a human-being, the sound’ gignal starts some of the

.

30,000 hairs in thc‘inger ear vih;ating —- whieh hairs vibrate and how

much is determined by the particular sound. As these hairs move, nerve’

.

cells at the basc of the hairs are actuated, and electrical signals then

bRy

1. Richard M. and Roblyn P. Werren,, Austory Illuxlans and Confusions,

Scientific American, Dec. 1970, pp.‘30 -30. . S .

-

2. 'One imnedlatelv thinks Lqing such tests to measure verbal capabili-
ties of children in the lofrer ngmentary grades ory, at the other end of

the spectrum, to obtain an indicator of aging. -
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“travel from thesg cells to the brain. ) : .

~
«

Thus far, everythfhg ys_straightforwaéd and reasonably understartdable

-
L]

(even though we do npt understand as get‘thé codiﬁ% or-system that deter-

.y T -\

& mines which nerves are- energi:=zdd by particular sounds). The hunan reaetion

. . . . . ‘ . . ‘1
;Lo these electrical ndrve siynals reaching the brain is,. however, vastly

more cogplicated. A particular sound may cause many different recactions.
- § . N : ? .

\

from different pcog}c. Respmnscsffrom the same person may differ greatly
'd SN ’ o
deponézny on what he is doing at, the tine, his fatiy UL, hlS state of mind,

- b .

gnd so forth. ..

*

I

- L N - ‘ . s :
Thus,. the study of the effepﬁs of sound on people 1is an exceedingly .

-
S

7 ) . e
complex subject, which. brxngq togather the physico of sound (called
& ) -
aqous%zcs) with pqychology to form the snbjoct of pqychoacouetics. .
F . - ‘

In this chapter, we want to -look at one type of sound: ﬂgliﬁz which-

.

is undesired anﬂ}g ually UWHY wamt sound.  Specifically, we cunsider how
. ~.‘ .

noisg can be described quangitatively, the effects on péoplé, and then

L4 - t €

the sources of noise and how tirey can be contwolled. In other temms, the
: . _ \ .
goal is the study of the noisc cnvironment, with emphasis on the alter-

r . ! * . * g

natives available to us to control this form of pollution.

- 1. Measuring Noise .

L I

-

Noise, or more generally sqund, is a variation of the air pressure.

! i -

At the surface of the.qafth at se levei, the normal air pressure is )

approximately 14.7 -pounds per squafe inch. The air sufroundihg,ﬁhe earth

- . - . »
exerts_a pressure of 14.7 pounds on each square inch of the surfaca, or

5" - . , .
more than 2100 pounds on ecach square foot.
A : . ) .
f ) When a specch signal is seat out from a speakdér's mouth toward a
. . [~ '
. listepet, the talker forces the air pressuré at his mouth to vary in a
1 .




;i;>~’ : ’L\;i o - . T 2

way corresponding to the sounds being sent. This signal or pressupe

-
~ B

-*

chﬁgge travels out in all dircctions at a rate of approxirmately 1100

- 3 N .

- . . 1 :

feet/sccond or 600 miles/hour -- the speed of sound in air. The pressure
*

changes reach the listener's ear, where they cause the hair vibrations

mentioned earlier. , ' a
: %
. This pressure wave, travelling out from the speaker until it reaches

‘ T .
the listencr, is characterized by two features: the size of the varfation f

whHich is called the amplitude, and the pitch or frequency -- the number

I 4 N
* of cycles of vartation each second. ,Thas, amplitude and frequency’ are

«

, : Y ]
two basic measuraes of the characteristicd of noise. o (»
. . ”
- . - ’ - * \
2. Frequency - L

» ~ . 3
L]

¥hen a tuning fork for middle A is struck, the sound eaitted is a pure

.

"musical note, in this case 440 cyclcs/second.’ Thé pressure resulting {rom

. this note changes with tine as showm 1 Fig. 7-1. “The pressure increascs

and decreases, as time progresses, around an average value (14.7 pounds/gquare

. '

. . <
inch). Each cycle lasts 1/440 second, or there are 440 cycles per second.

LY . 2

Pressure

. © Average__ L//"‘\\\ i ///ﬂ\\\ ’ ///FT . . Time
. value . 0 - ’ (scconds) .
J ‘ -/ 1/440 2/440 . '

e ~e&aFig. 7-1 Pressure in the presence of a pure
) middle A note.

2
! “«
et e o o e i e e e

. 1) This speed.of sound in air is the basis for calculating the distance to

12 Nightening strokg in a thunderstorm. Light travels almost instantancously
(1867000 miles/second , the sound of thunder at the spced of sound -- 600
miles/hour or 10 miles/minute or 1 mile every 6 setonds. Hence,®cach 6
éﬁcoﬁds between the flash and the clap correspond to a distance of one mile.
\ -y : ot

N - - rd

- ’
: 21y

- 5

4
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-

1n mathematical terms, the pressure is varying sinusoidally at a freguency
] -

L]

of 440 cycles/sccond.

a ) * .
then middle A is played on a flute, the sound that results contains '
. N . . '

‘not only a variatiom at 440 cycles/cec, but also the second, third, fourth .

and fifth harnogics at 880, 1320, 1760, and 2200 cycles/second, respectively.
Ilcélumsical {nstrument has a unique group of hdrmonics, so that we can
regognize the instrument by listening to a single note.

¢« A fundamental theorem (the Fourier théorcm) states that any sound

"signal can be represented as _the sum of pure notes orssinusoidal signals.

-
-

Any noise is simply the adding together-of pure notes or frequency compon-

-

ents. Most noiseééignals, to be sure, consist of thousands of separate
, frequencies,«but the important thing is that this decomposition does exist,
- y

As a result, we can describe a noise signal in terms of its frequency

‘ - .
components. ‘ » ) . . :

~

A
This frequency decomposition of sound is partieularly important in

) .
our stAdy of noige pollution because the human ear responds to only a

. ) 2
relativdly nurrow range of frequepcies -- from about 30 cyilesisec to

18,000 yclus/seE in the teenager with ideal hearing, and an appreciably

»

rarrover Band for older people. g;zz;unly noise which affects people is l B

that part within this frequency band. (The whistles used to call dogs

L

 ———— e -t e - —— o ——— — ——

1. See ECCP, "Man and Nis Technology,'l MéGraw-Hill Book Co., Néw York,
N.Y., 1973, Chap. 6. o4
v ) /)

2. To measure f{requency, we are using cycles per second fhroughouty this
chapter. About a decade ago thesengineers and scientists decided that

_,* a new name should be'given to this unit, and it is now officially called
Hertz, in honor of Heinrich Rudalf Hertz, the German physicist (1857-1894)
who fiwst demonstrated the produgtion and reception of radio waves.

- -~

!
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“usually have a frequency around 20,000 cycles/second, which can not,be

heard by human beings).

The sensitivity of human hecaring varies markedly with the frequency
1 -
A . . . ,
of the sounds. Figure 7-2 shows thef weakest sigkal the average, normal
F
person can hear as the frequency changes from 32 to 16,000 cycles/second

¢ -

(almost four octaves below middle A to five octaves above, with each

-t

l. A . . 0 - L] - ’
octave increase meaning a multiplication of the frequency by 2). The ear

is most scnsitive at approximately 4,000 cycles/second. The curve varies

rather smoothly toward a minimun between 2,000 and 4,000; the bulge down-—

-

ward ncar 4000 arises because in this fyequency range the sound wave

striking the face tends to travel around the head to the ear (througﬁ the

process called diffraction in physiecs). s _ - : -
70 -
60 -
- Sound 50 -
amplitude ,40 -
in dB 30 -
;. 20 T
10 - e
0 e ]
32 63 125 250 ~ 500 1000 2000 4000 8000 16000
- Frequency in cycles per second .
Fig. 7-2 Wcakest signal the average person can hear at
varioug frequencies (the meaning of the ampli-
tude scale is explained in the next scction)
. | . B ¢
The curve of Fig. 7-2 is measured with an audiometer —- a device to

measure a person's hecaring capability. In the earliest hearing measure-—

ments during the early 1800's, ®a tester simply époke at a constant amplitude

»

as he moved away from the subject. Even in the 19§Q's the author's hearing

b




s

was checked in elementary school by esseatiflly the same précedure.

Co By the mid--1800's a tunidg fork was used to generate a purc note, .
with the distance between the fork and car varied. Electronic equipment

“became available about 1920, after the invention of the vacuum.tube per-

¢ .

.mitting precisely controlled amplification of the elcctronic signal. The

.

reat advance in audiometers cagé owever, at the close of VWorld War II
] b

~ motivated by the desire of the' Arfiy and Veterans' Adninistration to measure

accurately the heaging loss sustained during combat. In recent years,

+

speech at a carefully controlled amplitude has been used in additionlpo

L4

the pure-tone’tests in audiometry equiprent because certain hearing probleums

do not appear when the subject listens to only the pure tones.

Figure 7-2 shows that'noise pollution which is nost annoying to people

will be that in which there are large compenents in the frequéncy range N
13
from 2,000 to 4,000 cycles/second. Here the psychblogic¢al aspects have

I -

to be introduced as well. When subjects ave given different types of noise
. h Y

and asked to adjust their levels or amplitudes so that,all’sound "equally

as amnoying," we find that there 1s a significantlyynore intense dislike

, ' ) . . ‘
of noise from 2,000 to 8,000 cycles/second than would be predicted from
i+ Fig. 7-2. Not only is'human”hqaring more sensitive at certain frequencles, o

but in additien o gorsen finde this ronae of frequencies particularly

unpleasant, Noisc in the band 2,000 - 8,000 cyclésfsec must be especlally
-~ X :

minimized if we are to improve the noise environment.

*

3. Amplitude

The second important characteristic of a sound signal is the amplitude - (
. N\ '

or, in general terms, the lgudness. At 4,000 cycles/second, the weakest

. . ) ) . -9
sound anyone can hear represents a pressure variatioen of 2 x 10 ° times

200 ‘ :
o £ o ]
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‘e i
atmospheric pressure (f.e., two pillionths of atmospheric pressure). The
4
loudest sound the car ecan tolerate without pain is about 12 million times

, N . " |
as great, or 2/100 of atmospheric pressure. The human ear can detect a
. . ' ‘r

«

fantastic range o{ soupnd amplitudes. ’ ’

In Scction 7 of Chapter 2, we plotted curves of exponcn£ial gfoyth : )
‘COVRring an. enormous range.‘ Thére wevfound it convénient to iet each ' )
vertical division vaxeqont thc s ame #ultiplying factor. Thqt is, each ‘ )
time we moved up on the' graph gy . one division, we multiplicgfthe quantity '

: “

by 2 or any cénvcnient factor. It is useful to measure sg;ﬁd amplitude in
thémsam. &gneral way. To do.this, we arbitrarily call the weakest detect-.
able signal 0°dB (the weasure we are ﬁsing has the name dB, which stahds»i i : .
for deciBels)}z Every time we multiply the sound amplitude by 10, we agﬁ-

‘ . 3 . .
20 dB. Thus, comparcd ‘to the weakest detectable signal,

a signal 10 times larger is .20 dB co . ‘
a signal 100 times larger is. 40 dB Y

a signal 1,000 times larger is ° 60 dB . »

a signal 10,000,000 times larper 1s 140 dB (the sf;;al'aﬁ the pain

level)

¢
This use of a dB amplitude scale 1s, first of allﬂ convendence.  We
\ .
don't have to talk about sjgnals ANO000,000 times as blg as others; in other 7
: - ¢

words, we avoid the use of the multi-digit numberd. Also, thg human ear

2

e et e St ik o . . P i

1. At an Apollo or large space rocket blast—off spectators are kept far -
" enoysh away to cnsure that the sound docs not ‘excend this maximum level.
2/100 of atmospheric prn”vura is about 0.3 pounds/ quarc inch, or a pressure
of 60 pounds on a man's chest and stomach. Thus, the sgatement that the
awed spectator makes that he can fcel the pressurce waves on his body 1s not |
unrcasonable. . v

13

2. The orxginal unit was in Bels, named after Alcxander Graham Bell, with
the sccond L somchow beinv lost. A more - convoniont unit is tenths of a

Bel or a deciBel. . //.

. «
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responds in approxisately this way. The increizo in loudness as nolse
A | . ’ . [
goés from 20‘tb 40 dB is about the same as when it goes from &) to 100 dB.
-‘P. . ' ' ‘; M .
A sound or noise signal is measured.in deciBols or dBT Sounds can

- .

appear in the raage from 0 dB toé 140 dB. The vertical scale of Fig. 7-2

< 13

is now understandable., At 50 cyclcs/scccnd; the signal has to be 60 dB

$.

: '
to be hcard by the average person —- it would have to bé 60 dB or 1,000

times larger than if the frequency were 4,000 cycles/second.
F ‘ .

tnfortunately, when we study noise, we arc rtally,interesLed not in
the zaplitude of the sound, but rather in how loud it sounds to a hué&n 4
being. As Fig. 7-2 shows, sounds around 4,000 cycleg/sec scem much louder

than those at either low or high frequencies. Usually noise signals are

&

made up of.many different frequencies. liow do we account for the relative

amplitudes of the different frequency components and also the sensitivity

/

of the human car? '

. ' . . ]
The simplest answer is a new measure kfiown as the dB(A) scalé- When
Y

a noise meter measures in terms of dB(A), the different frequency components
¢ .

of the noise are weighted according to the sensitivity of the ear (the

- -

parts of the noise around 4,000 cycles/second given the greatest weight).

The meter then swns the effects of the different frequencies to recad an

. )
apparent loudmess value -- say 85 dB(A). Thus, when we say the noise

Jevel is 85 dB(A), this means that the human’ear perceives this noise.to
be about the same loudness as aipure,_é,OOO-cyéles/second note at an
amplitude of 85.dB. The dB(A) scale is an attempt Lo measure the apparent
loudness to a human listener.

There are a large number of other loudness scales which are used in

noise studies. The perceived noise level (PNL) was developed particularly

L

a'& ‘ r ¥
N (4 ®

-
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to measure aircraft noise near an alrpart. There are also d3(B), db(C),

"l
\\,_

—

and «dB(D) SCdea, noise criteria (“Ch'cu{yes, Lifectlve perceived noise
)

level’ (EPHL), traffie noise iandex (TNPY, and so forth. Many of these'

' » >
asué&ﬁéﬁta, suckh as factory noise,

\\

have been developed for particular n

-

street noise, etc. They often invol Jtudlas wlth sanple grou s of
. y N;\ P P

subjects to determine when people feel Subjcctxvely that two noises are ) -
» . s -
equally amnoying. . ) R
: < ‘ T o .
Most of the inexpepsive noise meters measure dBA), and this is the

3 ' . *
scale''most often quoted in the newspapers and public mqéia. Regardless
of the particular scale used, the results are generally compgrable and, : q
for the various hoise situations shown in Fig. 7-3, we obtain approximately

the measurerents shown.

4. Other Charasgeristics of Noisé A SR
) i

The effects of noisc on people: -depend not only on the frequency and

i ]

amplitude, but also on the duratjon. A very brief noise, such as a gun

firing, has much less effect than a long-duration noise of smaller amplhtude;'

. - - A
The importance of this characteristic was -recognized as early as 1936 3

( -

a~

in the .Walsh-llcaley Public Contract Act. The U.S. Department of Labor

has the responsibility of setting noise “standards for the protection of

- ¢ .

workers at any manufacturing plant which has a federal contract of more

¢
’

tBan $10,000. It'was 1969 before an attempt was made to enforce this
worker-protection provision, and today monitoring tends to be irregular
and occa;ional. ' .

Under these reoulatlons, the allowable noise levels are shown in

Fig. 7-4. 90 dB(A) is the limit for cxposure during an 8- hour day; llS dB(A)




A

 dB(A)

, ’ AN
) Threshhold of pain 140 T,
Fardrum tickle . .
Pneumatic fivq;er_at 3 feet, jet at 100 feet
‘ 1207  Jet -takeoff ?; 200 feet ’
«Ear discomfort r
Loud-motorecycle, compressor at 10 .feet -
. Audience of rock sroup
100 - ~
Inside subway train
Truck at 25 fect
, . Traffic on éity street
80 - Audience of symphony orchestra
<
R -
, Conversation |
60 - .
Typical business office
J
40
Residential neighborhood at night
| Whisper ’
20 @ ’ * :
~Threshéld of hearing .0 -
. e ~’ -
-*/ fig: 7-3 .Typical noise levels .
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. \ 120 - . < ‘ . f
110
‘ .
~ §ound~revel
~dB(A) 100 4
;

. 904

T T T | A T 1_"
0 1 2 3 4 . 5 6 7 8\/
) . Expdsure hours per day :

Allovable noisc exposure in industry. If there ,are twvo
or mote exposures at different levels, ‘the limiting

value is deterained by the fraction of “the allowable’

time at each*level. This .total of these fractions
should not exceed unity. For example, 5 hours at §2 dB(A)
- (vhere 6 are allowed) contributes 0.83; 1 hour at 95 dB(A)

(when 4 are allowed) contributes 0.25, The sun is 1.08,
which exceeds the allowable value of 1. '

&N\

Fig. 7

N

.

~
- L3

" when the duration is only 1/4 hour. " 1In addition, impulsive or impact o
noise (lasting for-a very-bricf interval) must not exceed 140 dB3(4). In

genéral thsenlevéls have been set from past histories which show that

o ]

1/6 of the people working in an environment at this level will have severe .,

L 7

hearing problems in later life, compared to the population average of l‘in

14. The "allowable' levels are not what one would term "safe."

Af these limits are ekceceded, the manufacturer must make every reason—

-

able effort to reduce the noise to which workers are exposed. 1If the

noise level can'ﬁot be reduced helow the Walsh-Healey limits, workers must

be given earmuffs or ear plugs for protection.

There are other characteristics of noilse which e know from experience
- :

: ¢ 0 ¢
~1 v f
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influence the effect on pecople. The unexpectedness of a noise is certainly

impcrtant; The human being has the capability of some sort of self-blocking

- of loﬁd'noises. "¥hen a pallooﬁ is popped in a sméll room, if we anticipate
the noise, it isvnotlpérticularly disthrbing. Apparently the person activates
some sort of a mechanism whith either partially blocks ﬁerve signals to the
brain or limits brain processiné_of these signals.

\ ,
Hunan hearing also has remarkqble capabilities to respond to certain

-

?‘Q -

sounds vhile rejecting others.. The most famaus example is called the

»

"cocktail party effect.” In a room with alvery high sound level, a person
can understand a single gbhvérsatién in which he is pafticularly inte;é$tg§ -
ed@h though on a scientific.bésis that conversation should be totally swanped
by the general noise. - | -~ -

Other largely unexpiéiécdvphenoﬁeﬁa are found dn a study of human -
hearing. There are masking effecty, iﬁ which the simultancous appearance
- of two‘diffcrent sounds may reéhlt‘ini@ge!béimg totally[unperceived‘by tpe_
listénérf Certain sounds ggem to‘becﬁérgicularly'annoying to some people,

while almost unpnoticed by others.: A familiar example is the shrieking

]

sound as chalk is pullced across a blackboard.

A classic.example of the cumplexfﬁy‘df human hearing is the confirmed
ability of a sleeping mother to, avaken rapidly when her baby utters .a weak'
call for help, while she sleeps soundly through énormously louder sounds

from outside traffic, thunderstorms, and the like. | -
1}

2

All these.unexplairded phenomena combine ;o make the study of human
hearing, and of human senses more generally, a fascxnzting frontier for

engindering research. At the same time, the unknowns conplicate the stud)l\

s

t +
¢

]
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of noise pollutien. Since we really don't understand how a person hears,

the determination of the effects of noise pollution on people is excepdingly

2

difficult,

5. Pigy_.il_glngical Effccts -of Noise

~

The average noise level in parts of New York City during a working day

is approximately 80 dB(A) and seems to be increasing at the rate of 1 dB(A)
per year. Comparison with the allowable industrial levels of Fig. 7-4
shows that in one decade the city noise will exceed %pe value allowed for

*

8-hour exposure. These data have led some environmentalists to predict

that by the end of the cehtury half of the residents of New York City will -

B l _ . . ‘
have serious hearing problems. The situation may be worse than this, since

3

thare is the possibility that long-term exposure to the Walsh-lHealey allow-
. .

J 2
able levels may cause hearing deterioration.

. ) : ' ) ,
. Whlle hearing loss from noise pollution was first recognized in 1830,
concern is reinforced by several studies in the past few years. In the

United States, hearing scems? to deteriorate rather generally with age.

Not only is there some reduction of sensitivity, but there is normally a
. ) . .

marked dccrease in the maximum frequency which can be detected. The

highest key on a piano is about 4,000 cycles/second; it is not unusual for

: . 2
- older pcople to be unable to hear gpis sound. In direct contrast, studies

of African natives, who have lived in a quigt environment, reveal no

-t e S i S ot S e S ————— . o

1. This is clearly not a valid prediction. . Once a large fraction of the
population is deaf, these ,people will be severely }imitéd in activity,
and the city noise level #11 fall. The growth of deafness will not be
exponential, but will follow the sigmoid characteristic of Sectien 6 of
Chapter 2.  , . |

T /
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"degradation of hcaring with age. One might argue that the small life N
expectanty means only the hardiest survive, but there scems no logical

. | . .
‘reason why the "hardiest!' should have exceptional hearing.

In another cxperiment, four yecars ago a quarter of the entering

Lot Ll

freshmen at the University of Tennessee had hearing deficiencies. A guinea

¢

pig was outfltLed with one car plugged, the other open. The animal was

exposced for 88 hours over thxoe months to Pdmi music adjustod to the sound

-

inel pepular with dteenagers. This cxpc,ura corrcqpouded to a typical -

expericnce of a high school student. At the end of the test period, the

pluggcd ear of the guinea pi; vre taxncd excellent heﬁrlng, but in the open
ear most of the nerve cells had been destroyed. While it certainly is true
. - -~ s -*

that results for gninea pips can not be carried over to human beings, 7

».

experiments such as the above have raiscd serious quusqiohs about the
effects of loud mgéic and the gcnéral sound envi}onment. ) )

There is a scarcity of mcdical‘data'on which to base broad studies
of the changes in hearing cépahiiities\of’;he population. ,Hundreds of

thoysand$ of Americans have been given batterics of medical tests including
A/ . ' . A
audiometry or hearing, particalarly in the autonated multiphnsic health

testing centers &hich have become so popular in the 1ast few years. Unfortun-

ately, these data are not casily recoverable, and théy also are complicated
by the use of diffcrent equipment in separase locations.

Mecasures of deafness‘or hearing deficiency are only rough estimates.
R 1
¢ .

It doecs appear that approximately 10 million Americans now have hearing

problems, although perhaps only 10% of these are deaf. mewhere between

6 and 16 million workers are currently exposed to industrial‘noise levels

exceeding the Walsh-Healey standards.

. L . ~ <
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The latest rescarch hints that the situation may be even more serious.
Stfudies at Mt. 8inai Medical School in New York have revealed that hearing

-

.abiiity falls off much more sharply with age than measungaiby the usual |

. 1 < ' ,
audiozetry tests. The- older person is less able to understand either
speech in background.noise, or specch which is interrupted by having segments
sliced out. It is not clear whcther this loss of ability comes from the

llcaring mecﬁnnism in the ear. It may be just a decreasad capability of
informatiou processing in the brain, since the h;man,being has a remarkable
ability to listen to large blocks of words. In the days when the teleé}aph
was a vital communication medium, the highly trained operator receiving a
‘meééage wéuld write as much as 12 words behiind the signals he was hea;ing.
This lag allowed correcction for errors. In the samé:way, an expert t§;ist' .
is aware of 4-5 words ahead of the one being typed. -Very possibly this’
ability to hear or read large groups of words at a time diminishes with age.

Thus far in this section we have discussed a éinglc physioloéical .

effect of the noise cnvironment: poorer hearing. There are other obserwed

effects which are even less understood. Noise causes: - /
- \ .
Fatigue . Muscle tension L. .
Increased heart rat$ Sweating N
¥ t
Constriction of blood vessels Dilation of pupill of eye

Dilation of‘brain blood vessels Lower clectrical skin resistance

Gastric activity

. . ————— T — — — " " - —— "

1. In an audiometry test, the subject listens through an earphone to a ‘ ]b
pure note which is gradually changed in amplitude until it can just be

detected. After the test is repeated with frequencieg over the normal
hearing range, we obtain a picture of hearing 'sensitivity similar to
Fig. 7-2. N - '
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There is a suspicion that a sustained noise, environment may W related
*
. ‘ . N

to heart and neurological problems. Very loud moises-have induced air

-~

Lhubbles .in 'the veins of small animals, with resulting death. Recent

reqearch has” suggested  that LACLSSlVG noig

birth, p ”13( even contributlng to malformation. Ilnally, the clain has

been made that the enal sphincter muscle resonates at about 75* cycleq/second

! -

a sustained sound environment at that frequency and large ampli%ude causes

i

muscular ‘escillation. } ‘

Ay ‘

%pparcﬁtly some people have ghe ability té addpt to a noise environ-

ment, and the efifects decrease with timé. Others show no adaptation, and -

a'thixd‘group becomes more disturbed as time passes. -

L3

As we lock at physioloegical effects, we find very large arcas of
(
uricertainty. This difficulty arises again and again’ in environmental

prob@ems. Scientific knowledge is just not adequate to predict the effects

on human beings, whether wesare diseussing noiseqr air pollution, crowded-

ness, and so forth. The‘worfy is that the physiological effects will.be

A

irreversible: before we obtain the scientific knowledge nekded to make

intellignnt decisions; permanent ghanges will have occurred.
- ‘ . . . -~

‘?; 6. Psychological Effécgi P ' :I

4 Y]

-
" ‘ .
1f the physiological-effects of noise 'arc uncertain, psychological

-

effects represent a mucli worse sitsation of ignorance. Very few facts

e

1 .
are available. . ' ; -

g——

Experiments-at Stanford Univerg;ey have shown that outside noises

during the night can disturb decp sleep without actually awakening the
° . L] . ¢ .

£

subject. . If the noises are repeated every time the man falls into a deep

se may a&fect the fetus before '
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éléep (as measured by brain wave§), he is unusually tired when he aws&ens

- in ‘the morning. Furthermore, dreaming can be prevented, with the resulting‘

- . ‘ . " . ’
possibility of emo;ional‘problems.l ’ ) : .
T - S,

It ‘is not even clear how a noiseAbackgruund affects huﬁan performance

.

in'other tasks. °Some experiments have irdicated that ise may be advanta- \\\

2 »

geous in routine tasks, at least if it is not annoyingly loud.z‘ In tasks

-

requiring mental concentration, noise often lowers work -quality.

A common experiment in secondary school science classes involves
- i .
’ .

iving students two sets of arithmetic problems. .One is worked in a

g
\}ndet environment, the other while noise is génefaped from anuauﬁio tape
player. Performance'usually falls,dramatically.when_the noise is turned "~
N
oﬁ. This ha;aly constitutes a serious sgjentific experﬁment, however,
because‘thc s&%jects know the results expected, the noise {s .not present

*

dong enough to allow- the students to become used to it, and the Hawthorne

effect influencgs the results.
- -
! . .
Noise apparently s an effect on personaliéy.' Studies have indicated

A A ~

that men who work in noisd surroundings tend to be more aggressive and

distrustful. They also tend-to have more family problems than normals
) *

— e e S e — . S — . G W s »

. 1. After the author gave a talk during which this was mentioned, two of - \\\
th® members of his audience rushed ‘up ‘to_the podium to report vith great
concern that they ncver dreamt. Were they then prime prospects for emotional,
problems? The answer, of course, is that most people don't realize they L
have bEen‘dreamlng during sleep. R : i B
2, A few years ago, many dentists piped noise through earpﬁones to patients
to decreasc the pain associated witiesdrilding.

3. At the Hawthorne iron works, productivity increased when illumination
was improved. Some time later, productivity increased again when illumina-
tion ‘was decreased. Workers (or students) respond favorably when they feel
changes are being made for their benefit.

- A} '

7

.

\J
L)
-
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* A 1969 English study of the neighbors of Heathrow Airport (Lon:t;?\éhowed .
A , A | -
» a higher-than-normal incidence of mental illness.’ T e

This rather random collection of thoughts on. the psychological effects
of noise perhaps cmphasizes aboye all how little is known tﬁ this area.

LY

~~  Undoubtedly there is 4 relation between psychological effects and certaim
of the physiological g\fects mentioned in the precéﬁlng section Logical -

» decisions about the tolerable noise levels fq# human beings have to avait

N r -

. much more scientific research. Until then, however, there are enéugh

~warning signs to indicate that the.governmentai and public policy should
. t . .
be to reduce and control noisc pollution byeall actions Which do not cause
serious eéonomic and social consequences. In the temaiﬁdé% of this chaptet,
we.consider‘several of the most commdn noise sources ané the correspondiné

- . : - -

options available to control this part of the environment. -

7. Transportation Noise =~ - , : ’

-

Yransportation is a major source of noise in an urban region. In
- - . . .

certain of the New York City subway stations, noise levels exceed 110 dB(A)
as the. train screeches ,to a hal4. This is a level at.which industrial
workers would be required to use ear protection with exposure over any .

significant length of time (Fig. 7-4), but there are no regulations to

. v - -
. protect the custoncry ope can only hope™is exposure is sufficiently brief.

-7
.

| The Montreal Metro system demonstrates that‘suyway noise can be
reduced by 80% by proper lubrication, reasonably new‘and well maintained
equipment, and rubber wheels instead of steel-on-steel. Noise conttol can
only be obtained at a cost. Rubber wheels are not self-guidiﬁg, aﬁd addi-
“tional small wheels rotate laterally to éuide the car; steéi ;heels normally

*

riding above the tracks are used to travel through switches. The cost of
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this complex system is further increased by the larger energy'demands
because of more friction. In New York, the subtvay sysﬁem is already a

major contributor to the energy crisis.
i .

The 'newer, mass rapid transit systems are notably quieter than the

€

*New York system. Ballast in tracks to decrease vibration reduces noise by
" as much as 10 dB(A), particularly because the tunnels and stations tend to

trap the noise pressure waves and cause them to reverberate back and forth.
. | f ‘ %
*Tracks with uneven joints are another source. Thus, it is not surprising

)
that the new BART system in San Francisco has a quietness which astonishes

& *

New’York'visitors.l

Another major source of transportation noise 1is vehiculaf traffic, cars

and trucks. At a distancqi??}%ﬁgfeet from the highway, where vehicles are
travelling at 35 milef per hour, noise lévels may be:

,Aﬁtomobile . 60 dB(A)
Motoreyctle 70 dB(A)
Truck 80 dB(A) - - )

-t g et g e U . (o S S i S S St ol e B S

1. The most impressive featd}c of the BART system is the system for auto-
mated ticket selling and fare collection. There are no coupons, no tokeus,
and no waiting in line: A ticket console sells a ticket like a credit.card
for any amount up to $52.00. The amount is coded magnetically in the caxd.
i

As the passenger enters the platform, he slides his card into a console
which records the starting point of the trip:. When he leaves the platform
at his destination, the amount of the fare is gutomatically subtracted
from his card. If there is a balance, the card is returned to him. If the
trip uses the entire cash value, the card is "swallowed." If the card value
is less than the cost, the turnstile locks, the card is returnés, and he

~must go to an‘Addfare consale where He feeds in the needed amount.

The system is an early version of the "cashless society,"” in which
each person carries a card representing his bank balance and charges are
made against this. The intriguing question is howi}ong it will be before
some “entreprencur' builds equipment which will ra¥se the "credit" left on .
a card for a fee. ~ :

- . -
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S ~
10 dB can’ be added if the vehiq}e is ‘accelerating, and noise.also increases
. qpproximétely § dB for every doubling of speed.
These data are only very approximate. Actual measured noise le;els
may vary as much as 15 dB depending on the road qonditién, the mai&&enance

of the vehicle, and the w3y it is operated., Even the tires have a strong
. ' E .
effect on the noise level (Fig. 7-5). Finally, the horn, if it is to serve
. ' . L4
: ‘ . o
- ‘the purpose of alerting others, has to give an annoying noise.

T

Ndisy : Quiet | ': \\ :
Fig. 7-5 Two common tire treads ) t‘ -

0f all the states, only California has made a scrious attempt to

enforce vehicular noise standards. - New York also has a legal restrictien,

y and several other states are planning actien.

°

The last maior’ component of transportation noise is associated with
J p P

aircraft. The widespread publicity ‘given to the SST (super-sonic transport)

)

debate over the past few ycars revolved around the two possible environmental

impacts: the cffects on the ozone in the atmosphere, and the noise problems.

The airport noise problem, occasionally so severe that normal conversation

is impossible in a home near the end of a runway in use, involves sbveral

if;gdidiffefeﬁt groups:
(1) Those wﬁo lived there before the airport was built

(2) Those who moved there after the airport, but in a period of smaller

and quieter planes

’

- .
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(3) Those who moved there after noise levels reached thé present
status. , g

The remarkable feature (at least to someone who lives far from airports)

]

is the large number of people in catégory (3). Around the new London
international airport as well as Dulles in Virginia, housing developmeﬁts
and s:all cities seem to arise shgrtly after the airport is in oéeration.

Airport noise is so annoying to neighbors that major efforts are being

.

)made both to monitor noise levels and to design quieter planes. There

L N .
are now five systems regularly measuring noise. At Kennedy International,
LaGuardia, and Newark Airports serving New York City, runway noise 1is
continuously monitored to prevent violations of the federal regulations

on allowable levels, (Levei can be controlled bf adjustment of engine

4

power'and the maneuvers immediately after takeoff to ‘turn away from residential

areas). The other two monitéring systeps, at Orange County and Los Angeles

International Airports in California, make mcasurements both at the runways

and in the neighboring community.

8. Other Sources of Urban Noise

- .

In addition to transportation, other sources.of urban noise can be

e
£

divideé’into three general categories:
Constrggijgﬁ

Construction noise, including street excavations,‘is a princiﬁal
concern of the noise codes adopted in 1972 in New York and under consider-~

ation in other cities. Two regulations are obvious, First, const¥uction .

A — ———— " A o o o ot s S S S — .

1. ‘An excellent discussion of noise monitoring problems is given in the -
article by Fdward A. Starr, leasuring Noise Pollution, IEEE Spectrum, Juneg . . %
1972, pp. 18-25. : :
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&
can be restrieted to'hours when most of the inhabitants are awake ——
= f.
e.gny 7 a.m, to 7 p.m. Second, when jack hammers, pneumatic drills, and

other noisy equipment are used, acoustic panels can be required around
the equipment to decrecase the' noise level at ncarby_sidewalks and inside

neighboring buildings. .

City services .

]

Rubbish colleétion has historically been a source of annoying noisé,

with the classic picture of the sanitation worker slamming the metal can.

| back on the sidewalk. Plastic bégs for rubbigh containers, éuiet pléstic
bottoms on cens when they must be used, and stringent Roise gpecificat}ons-

on the collection trucks are leading to significant improvements,

A sccond city service includes the emergency vehicles with their

N @

varied sirens to warn pedestrians and motorists ahead. As indicated i&
LY
Chapter 4, research is now underway to design more directional sirens in

order to minimize the annoyance to people on either side or behind the

emergency vehicle.

Homes and offices

-
L]

_ While music and .entertainment may be-a serious factor in hearing loss,
the mosé perva§ive suércé of noise pollution is the air conditioning equip-
ment. Other appliances and machines also conttibutes A Stanford Résearch s
Institute study ;howed one apartment where kitchen noise exceeded 100 dB(A)
when the fan, dishwasher, and garbage disposal unit were on. Fortunatel§,

, -
. with increasing-public awargness of nofse‘pal¥ution, there has followed a
marked trend toward an emphasis on noise reduction‘by the manufactdrers.

»

The newer urban building codes include specifications on sound insulation.

R
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9. Conclusion \\, .

Noi§e pollution ié typical of environmental problems in many ways. :
(1) Scienrific knowﬁgdge is exceedingly meager, particulérly whenca:
attempt to learn the effects of the pollution on people.
‘(25 The public is only beginning to be aware of the possible threat

" to physical and mental health. Public education in environmgntal matters -
. ) - > . _ . . l()
is very new, and even the mass communication media have only a few years'

.-
T

experience in reporting environmental technology. .
(3) The public has to be cducated on the importance and significance
.of noise. Whan unusdally quiet vacuum cleaners and power lawnmowers have

H

been placéd on the market, the reaction of the public has been that these
machines must be low-power and ineffective. _ .

Y .
(4) Federal and state governments have not placed a high priority on

4 -

medical or rehaﬁilitation care for: those with hééring loss. While the

i’

federal goveynment spends about $300 annually for resear¢h per prospective
\Q
heart or can%@%ﬂdbmlent, only about $1 is spent each’ year for each potcntial N

deafness cqéb l Even the sale of hearing aids is largely unregulated with

-
-

anyone able to sell and no advice given to the purchaser. It was only a
year ago that a court decision finally required the Veterans' Administration

. . -
to make public their extensive ratipg of commercially available hearing aids.

————— — ——— - —— — Ot o st

1. There are relatively few bocks on noise‘pollution, and~ acoustic and

noise engineering have not been popular careers for young people. Very

few colleges, give courses in noisc measurement or control. One book written
for the general public is by Theodore Berland, "The Fight for Quiet,” <
Prentice-Hall, 1970. Since the publication of this book, Berland has written
similar,shorter articles fbr Smithsonian, Environmental Education, and other
_magazines. ’

£
' ]
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(5) Government has not given hlgh %riority to enforcement of anti-

a

noise regulatiens forApublic protection. _Finally at the end of the 1972
" N
legislative session, the Environment}1 Protection Agency (EPA) was given

¢

the authority to set standards for noise prodnction by transportation

equipment and other machinery. Product ladels will have 'to specify noise

characteristics. = Perhaps most important, in federal nurehaéing‘pisfengnce

will Re given'to low-noisec models. o S .

In bpite of this progress durinﬂ the laét few years, urban noise levels

continue to rise. The’ future contrpl of noise pallutlon depenas\critically

‘

, on‘puhlic understanding of the total‘problem, including the possibleueffects

Ny
e

1 .e . . - €N )
on human health, and recognition of the cconomic and convenience comprémises

necessary to permit effective action, - : « yf@p

3 . L X Y o

.

Lt
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" CHAPTER 8

EPILOGUE

| In.the socio-technological pﬁshlems considered in these notes, and - ;
over the much larger group rep:esented by these examples, decisions and
actions are forcéd on the natipn: The question is not: should we allow
developments which might create ‘certain probleps%‘ The‘difficulties
dlready exist. What do we do ne.;:t? . 4

?urthermore, é decision musﬁ be made in most cases. No‘decision at -

all, or pQSLponemeﬁt, is a decision to do'nothing -= to maihtain the
exiséing sitgation. While the example of the apﬁroaching hurricane in
Chapter .1 (and t%e‘question of vhether to seed or ngt) is perhaps unusual
in the short fime span-allowed for a deéision, in many ways the seeding)
questi&n epitomi%es the éﬁtire range of socio—gechnological problems.
Should we intefvene? Thaf is, should we try to change and control thé
future course of events? If so, how?”

Within the scope of the problehs of the energy crisis, environmental
- degradation, drug,epidemic, transportation, education, and health sefvices,
+ the technological aspects are only one element. While the human mis-use ~

of techné}ogy hds created certain of the problems, that same technology

. 0 Y
SRS is cssentidl if we arc to improve the situation. The question is how to

s

L

7L dse that technology in a way which has tﬁc‘begt chance of ameliorating ‘
:é;h;dhlcm‘-— of improvieg the duality of life for the gopu}atioﬁ. The
propég‘décisions and actions depend én éoupling a basic understanding of
the capébiiifiesjof technology Qith a concern for’huﬁan and social values.

Two reé;d%;aevalcpments demonstrate the diéficulties we face i? making
the ép;ropfia;e\Aécision;‘in,these problem areas.

4 )

-

. 24y
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Artificial kidnev machines -

As mentioned in Chapter 3, the United States now possessés the

technological capability to save the lives of dany peoﬁle who die frqgf
acute kidnEy,di§ease1 The ag&ificial kidney machine can be used to

) ‘ ,
cleansc the'blood regularly (typically weekly) until the patient's

kidneys recovor or until a transplant can be arranged. There are two

®
i

problems: (1) the number of machines is severely limited, so that any
hospital with such equipmeni has to have a committee which restricts access
'to patients who are othervise healﬁ%y and who havé\an excellent chance of

full recovery; and g(2) the costs of treatment average about §20,000 per

o

year. ’
In the closing days of the 1972 legislative éession,'Congress rassed

f

a bill (H.R.1 covering social security benefits), which included a section

providing that Medicare would be exténded to encompass treatment of seriogs
kidney diseases for all Americans, regardless of age. During fhé brief
consideration of this provision of the bill, cost estimates were presented
varying from $3S.ﬁillion the first year to as high as $250 million after
several yéars. The estimates of the number of lives which might be saved
.range from 5,000 to 30,060 pef,year.

By the timu‘Lh: next Cougress convened in 1973, more careful studies
of the pfobable Fos£ had been made. In particular, future cost prediétions

now included tke recognition that certain patients would have .to be on the

machines permancntly; hence, the costs would rise steadily to $1 billion

per year by 1983. )

.

The response of legislators was predictable. One of the co-sponsors,

. #

' Senator Bﬁrdick of North Dakota, said that he would never have agreed if

he had known the cost. The entire program was threatened by this reaction.

-

212 .
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Certainly part of the reconslderation could be traced to the question of
‘ . . ..
the desirability of keeping alive indefinitely at public expense the

patients who were suffering from a variety of chronic ailments as well
\ " - .
t  as kidney failure. Second, the precedent of government care for the

chronically ill, regardipss of cost; would certainly be extended to other

categories such as hemophilia and muscular dystrophy. ﬁThe total costs

*

- would rise steadily.

\

§ The optimﬁw decision in such cases is certainly not clear. What.

' value do we associate with keeping ?eople alive? Where do we set the limit

-

on public sacrifice to maintain life for the chronically 111? Asg technology
,esolves to allow more and more life-saving medical care, how are the costs

covered?

hﬂie&il immigration ° -/

In Chapter 2, we discuss briefly 8he problem of 'illegal immigration,
. : § 4 -
which apparently is roughly comparable in size to those entering the

countfy legalYy. The illegal immigrants pose the additional problems that

they .are often unskilled or unable to find regular work and that their . -

. presence tends to lower the wage scales, at least in some parts of the

#
.

* country. A significant part of the U.S. population growth would disappear
in the abscunce of iglegal.immigratioh. The rapid rise in the deportation

of illegal immigrants in the last few years indicates an intensified

[N .
-

¢

program by the federal government.
; -~

In early January, 1973, objections were voiced to the way that

immigration officials were carrying out this effort. Supported by four

éongressmen, the Coalition of Latin Americans and Friends of Latiﬁ
| - ' \ -

N ’ '

o ) 21 1} ' ‘
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H

America and the Committee for the Protection of the Foreign Borm objected. e

' s .

They claimed that groups of Latin Americans were beiﬁg stopped in subway
stations and questioned. As a result, legal aliens lived in an "atmosphere
of fear." The Immigration and Naturalization Service agreed that groups
had been questioned, but RWrgued that the areas chosen were known centers . ¢
for illegal immigrants ang that a significant number of iliegal aliens
had been caught in the dragnet. ' ‘

The question of exactly where and how to draw the‘iine between pro-
tegtion of individual liberty and protgction of public interests is a.
p?oblem whieh dominates many of the soéio-technolOgical problem areas. T
Even in the encrgy crisis,‘to what extent can reétraints be piacedfon the’

actions of the individual? :

Future effectg_?f'todny's decisions

Even if we could amswer the questions posed by the two, preceding .

.
o ;

examplés, there is another coAEern: -What will be the  future effects of

-~

the‘socio—technological'Hecisicns whi%%‘arc made today? Can we anticipate,

\- 3
at‘f&ast to some exten't, the future consequences of actions which may
' ¥
. '( . . s . . .-
ameliorate gurrent problems?
. - ' ‘ - .
»/Unfortunately, history is not very comforting. A long list can be '

given-of technological changes which ultimately led -to side effects
totally unanticipated. The classic example is probably the autemobile,'
which was heralded at the beginning of this century as a savior of the

urban environment (then plagued by horse urine and manure).

- :
Other examples are the typewriter, which liberated women from the

home by providing a vast number of attractive jobs, or the window screen,

/ ‘ : .
which in Latin America was a major factor in the control of malaria. A

-

j . R . “-

A4
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more recent-unfinished exampl% is the data-processing digitaly computer

which has saved the banking industry (the Bank of America has estimated

-

that, without computers, it would now havexfo employ‘everyAadult in thd
. - "

state of California for routine record-keeping). AIn thjs'case, the long-~

range effects can only be guessed. . . .
The specialty of trying.to anticipq&l the primgry and secondary”

effects of néw technolofgy or of.socio-technological decisions has come

-~

to be called technologV assessmeht -~ a térm first popularized in the late

[ )

1960's by Congressman-Emil Daddario of Connecticut. 1In 1972, Congress

&

established an Qffice of Technology Assessment, specifically designed-to

give adviTe on proposcd new 1egislatinn.‘ ‘ .
Technology assessment really has two facet;. The first is the pre-

diction of fhc direct cffects of a new piogram -- usually the fQ}atively ' J

short-ferm effects. When a weather modifjcatién project‘to increase snow-

. fall in Colorado is sta;ted, it is possible-to anticipate the problems

for the mountain residents and the social and economic changes which

\
result in tB@ southwest as a consaquence: of the greater availability of ¢ * ..
. 3 ¢ - ,
fresh water. . . - . _ -~

1t is much more difficult to predict the longer-term and sécondary :

effects. Scientifically we know so little about H%teorology, wo can not

*

foresee with confidence the ultimate effects'(if{¥qﬁ on the wgather
throughout the rest of the nation or in.other countries. From the social

. N .
sciences, what changes will occur when more water is available to Newvada,
* 4
. \

’ + N
Arizona, and California? 1If parts pf the desert are made arable, will.
: ' *

. new cities rise in desired locations, or w}ll the chénges in populatiqp



v

patterns cause aggravationgof societal problems? . ~
. R , ..
Thus, technology assessment must encomphss both scientific predictio
'3
and anticipation of social amd behavioral changes. Even in the easier. _
. . 7 N

L] .

scientific futurology (predicting the science—techqology,developments of
the future), the .time lag between. discovery-invention and widesptread use

is decreasing so rapidly, we find it difficult to predict beyond a decade

¥ .
. - N
. ' [

1 . ‘
into the future. Yet we have seen throughout these notes that most
. . ]

technologitcal changeﬁhas an inherent time lag of close to teh years (a

—rt L’ N '
new pow¥r plant takes seven years to build; ngw auto safety devices are

not generally used for seven years just because of'tge old cars.on the )
! Y Vi .
\ e .

road). ’
) . . - - ' J 4 - . - .
The rapidity of change cduples with the increasing cqmple;ity of

L f ¢ ’ .
every social s;stcm (that is, every program or decision has imphct on so

many social srganizations and humanlacti%ities). In’ consequence, successful

- . -

~technology assessment is one of our most difficult imtellectual challenges.

* -
» Py o .

e e e s — e . e . ot 2 S i i S

~

1. For scientific predictipn, a popular approach is the Delphi method.

A panel of ewperts is seiected. Each iy asked (by mail) to predict the
date of a certain scientific on technological innovation.| Tn phase 2,
each’is provided with the distribution of dates chosen by\gvcryohc and
allowed to modify his estimate if he wishes. 1n the nextjiteration, each
is allowed- to state briefly his reasons when he disagreesjwith the con-
census, - These arguments are distributed to the panel nenmbers. The
ultimate goal is the best possible set of gr%ﬂijgredictionb.

»

N

: EN
.

1 - -
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Problem 1-1 S : A A

The recent President's Conference on Aging concluded that one of
the major prablems in this country for the elderly (and the physically
disabled).is the difficulty of obtaininag, transportation around their
- city or town. *As a result, many of those people are tied to their homes ~
or apartments. What dre some of the problems — that 1s, what are scame
of the situations. in < city or large govm which unncce sarlly cause dif-
ficulty in mobility for this populatitn? Fdr exarple, lone answer is that ,
buses’ usually have to be entered by climbiang up from the curb on several .
narrow and mlatlvely stecp steps, whereas it would be fuite easy to build
buses wJ.Lh the floor at sidewalk level. | | . .

. . ;e : . " ‘
Problem 1-2 .

e desire to design a nobile autf:mated nmltlph'xslc hcalth testing
‘center for elementary school childrén. The plan is 'to park the trailer .
in frcmt of"a school for enough days to.allow all the children to be ' ’
checked, with parontal consent and attendanceﬁby a parcnt 2f he wishes.
The trailer will return to Ehe school cach year to recheck the childrén
in grades K-4. . -

The nobile um.t is being des.mgnod to test children in a heavily
populated area of the city where there are a mixture of ethhic groups.
We guess that many of the children will not have had a physical examlm
tlon, or at least nonc for whlch mcords are available.. -
N\

(a) Rescribe the tests you would romnrrmd for such a center, and
.suggeqt ways in which the tests might be administered or special features
ta make the proqx:am attractive to the customers. 3

; . : -

»We how turn to ucme ovérall plamunq We decide to try to cover
14 sc:hools during j,.he year. Ve anticipate one day per week on the average
will be lost because we can not mtcrfcre\k&th qpecnal events such as
aptitude tests,” parents' day, and so on. Cn the average, each school.
will have 500 cmldren to be examined. . ‘ :

(b) How long should ve pla.n for -the full sémemlng of[ each child? .

(c) How should the children be scheduled in the light of our
limited space and the confllctmg des.tre to mnm ¢ disruption of the
regularf school work? .

-

(@) How many personnel \ﬂll we need to employ? Here the maintenance
of the equipment can be neglected. You should consider,<the type of

. | . R |
. ) h ‘ Co .
~ : -
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testing, hawever, and include the fact’ that most employees can not;,work‘
for five straight hours without a break.

o .

(e) If typical,salaries are paid to the orerdting personnel, the
* total annual cost of the center might be three times the total salary
figure. Ihether to multiply by 3 or 4 or sgmy other mumber depends
on the elaberatencss of the ecqaipmont, the number of years before the
equipment has to be replaced, the cost of maintenance, the cost of
ensuring redical follow-up for children who require it, etc. Ve use
3 as a typical multiplier. vhat is then the cost per child examined?

*

(f) Cament on the. feasibility and desirability of iptroducing such
a program. ' . » '

Problem 2-1 ' .

. The data below indicate the predicted population growth in various
sections of the world during the remainder of this century. The infolmation
is presented in two ways, by the table and also with the figure lookixfig like

- a mushroom cloud. _ ‘ . ‘

(a) For the Section with its population growing mobt rapidly, |

what is the ammual growth rate, approximately? |

(b) Explain bricfly the rost important ‘reasons for the rather !

- marked différences among the growth rates for the different!
regions. - ‘ ~

- (c) If Latin America is to achic¢ve a stecady improvement in the
" standard of living corresponding to a per capita increase
of 5% per year in the gross national‘product (closq o the
féqure representing the current goal of the U.S.; so hardly "
an anbitious chjcctive for this less developed section),
at what rate must the QP increase per year?

-~

The time for the population to double can be measured quite easily fram
the graph. If we ask when 'the 1960 population of Africa will double, we place
the cdge 6f a small piece of paper on 1960 and mark the width of Africa's pop-
ulation. Sliding the paper over, we mark it again directly adjacent to the
first marks. The total width now repreosents a doubling. Finally,. ve move the
paper upward until this total width represents Africa's population and read-
the year. ' ‘

* -

-
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THE POPULATION BOMB
IN THE YEAR 2.000 . .
. & WHERE THE PEOPLE WILL BE : Lo

Year Balpﬁons'
2000 75
1990 5.8
'980‘ 6.5
1970 386
1960 30
ot
1930 20
1969 |, 2000
Lt Northern America 226 3s8
1800 - {Un1ted States) {204) (3501 1.6
Latin Amerca 275 ‘756
. Europe 456 - 571
QOcrania ‘ 18 32 N
Africa 338 860
USSR 248 402
india . 542 1.258
C§mmunist China w5 1,500
Other Asian Countries _ 714 1754
.\ v 3572 7522
L
le Pecliminary .
. 1830 — _—
¢ 8'3 Frioc 10 1900 gruts appeosn 1ations only . Based on n‘ppnnn of constant 1e« tdity bevely
Source Unvied Natigns Baue Data .
. . * e
N »
- R
Problem 2-2

.
- . £
x .
’ -

L

Huntington is a suburban town just into Suffolk County on Long
Island. . The popu‘lat‘ion is 180,000, and it has doubled in the past
8 years. : . .

(a) What has been the percent increase per year? Estimate =«
the allocation of this increase among the variou® causes.
(b) If ﬂﬁs rate of increase continues, approxinately when
will the population reach one million?

{c) , what information would you neced to predict when the rate
of increase of population is likely to start.to decrease --
that is, when the populatian will level out?

-

Y
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Preblem 2-3 | - . A

Pmblem 3-1

When we want to study a pa.rtlcular social problem, we often start
by trying to find data déscribing how serious the problem is, in which
social groups is it most serious, and so on. In many cases, the data are

. not in a directly usuable forn. \

For mstance, we might ll.ke to know life cncpectancy in each of the
50 states of the U.S. in “order to see where serious héalth problems seem
to be greatest. The only data we can find give the deaths last year per

thousand peeple in the pooulation. #hine is the worst with 11.4,,while

Alaska was best with 4.9. , .

(a)  Can we dream of any lcglcal explanations for these data? -
For exanple, Florida has a hlgq rate, with so many older,
retired people living there.

(b) ‘Arc these data of any help at all in dec:Ld_mg vhere there
~are major health problems? .

4

‘Prcblem 2-4 e

The article by Jean Mayer {(footnote on page 79) is a summary of
recent national discussion and planning with regard to the prgblem of
hunger in this country -- a topic which has bden discussed frequently
in very strong political teims. . .

If we accept tl;le'mpothesis that there does exist a national
problem, describe .

(@) The principal problem or pi'oblcms' F ' . .

(b) The primary factors\’plsumﬂq vhy thﬁ problerf has not boon
ameliorated during the past decade with our national prosperlty

4

-

'‘In an autamated hoalth qcreonmg center, we desire to give each custcm:r

/ a medical~history oursticnnaire consisting of 280 qcrics. There are .several

alternatives for dehvumg the questlons and collecting the ANSWers:

(1) ve might hire pe.rsonnel from the cormmunity and
"~ train them to ask the questions in faurto—face
interviews.

(2) We can print each question on a f'eparate card and
ask the custqper to put the card in one of three
boxes: Yes, No, Don't Know. Each card stack is
then processad automatically.

2o
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t

(3) We can put the questions on audio cassettes in,
various languages, sinply have the customer press
L one of three buttons for the answer. '

(4) We can present the questions in sequence on a
video terminal of a camputer, again with three
response buttons.

. f(a) what are the major advantages and disadvantages of each alternative?

{ ' ' : : .
(b) ,If you were designing a center for a disadvantaged area c{ New York City,
- where most of the clistomers will have been essentially separated from
K the, health care system, what would be your choice? Explain brieily.

.

Problem 3-2

b

, The infant mortality among the black population is about 40/1000, -

among the total population 20/1000. what extent is the poor U.S.

performance the result of the inadequate health care for hlacks? In.

other words, what isthe infant-mortality fiqure for U.S. whites?

(Since blacks constitldte about 1/9 of the total population, you can |

assume 9000 live births and find the oxpected deaths during the first

year for the 8,000 whites. Here we ngglect the other non-white groups). .

_Problem 3-3 | ) B

The impertance of increasing hospital rates is relatcd to the duration
of the patient's stay for a particular -illness or treatment. One, study*
of five hospitals indicated a remarkable corrdlation between the length of
time patients stay in a hospital and the length of time mombers of the
hospital ,(nureos in particular) stay in their positigns. In the study, |
five types of patients were considered ~- those in for appendectamies,
hernias, etc. --, and four classes of nurses. Discuss the factors deter-
mining the duration of a patients' stay for a particular ailment. Uhich
of those would you expect to be correlated with the duration of the nurses'
employment? A recent census of patients in a lew York City runicipal hos-
pital rovealed a significant number who had been there very much longer than
normal. Vhat factors might explain this?




*R.W. Dvans, "Cstandards for Merale:: Cause and Iffect in I’ogpltals,"

"

One dlstmjulshed export on health services analysed this study
and concluded that the, correlation betioen the patlents ', stays and
the lengths of nurse erploiunt is the result of the efficiency,
attitudes and gcneral comyxetency of the hospital administration.
"Conscqucntly " a hospitil administration which creates a pleasant
wor} ingy environent also leads to lcnger péta.ont stays — the patlent
is not as anxious to get hone. ,

This sort of unjustified argunent te explain statistical results

. in rescarch on social systeomg is one of the greatest deterrents to
-meaningful rescatch. Give another exarple where correlation between

tvo phenomeona is sinply a result of the fact that both follow as con—

sexuenees of a third situation or phonamenon, rather thHan as an indica-.

tion of a causc-effect relationship botween the two.  (In the hospital

study, a little thougnt sucgests that overloaded hospltal s, with thelr

waiting lines of patients to enter, probably discharge patients more ”

rapidly; - the tumover, rate then- overloads the nurs ing .,taff and errploy«-
ecs tend to leave for other jobs). '

® &

Oxford University Press, london, 1964.

Problem 3%4 o %

. . S T
The U.S. fetish for dieting and the enphasis on being thin is a
rclalively receont phenaendn in western civilization. It was not
long ago that plupngcs was qonsi_dvrcd a sign of mle success and an
attractive female characteristic, nddle—ar*rd adults today can still

recall the outspoken pride of parents in how Rfat and healthy" their

thildren were. What soeial and modical factors have led to this change
of attitudce?-

&

¢

i.é‘

Problem 3-5 ' ' . y

4

Y

We saw before that, in the study of any irportant social problem, we
havg to be carcful to draw intelligent conclusions. If two groups of people
both have two characteristics, it does not follow that one characteristic
is the result of the other. They both may be results of a dffferent cause,
or they may be totally unrelated. This question illustrates the problem in
the nutrition area.

S vl
<2,
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We study E:ng‘ldnd and the United States, and we find that U. S. males in
~ middle age have a guch higher death rate than their BEnglish counterparts. It
is traditional that the Brltlsh like their meat well cdone, Uhumas Mrerichns
tend to choose medium rare. In Venezuela, where the death rate is even higher
than the U.S. for miles around 40, a favorite lunch is an egg on raw hamburg
(steak tartar).

»

&

¢
Ratio
A S ' '
»
4 —
" 0| 25 * 50 75 Age
Lot o S e T LI Gt S
Mortality rates (males) as a functiun of age '
- ) (U.S. compared to United Kingdam).
) " ~
. “ / PN
. ¢ - P
: From this "profound”" study of*the eating habits of the men of three nations, 7o

we deduce thdt inedoxcmately cooked meat (eqp:_cmlly boof) causes discases which

up the death rate al armingly.

Armed with this scichtific knowledge, we i'om an

' organization devoted ta pepularizing over-cooked meat,

To e succossful with

such an organization, we have to be able to solicit contributions from calthy |,
people ‘vho arc converts to our cause. Unfortunately, these people won't contri-
bute unless they can deductthese contributions vhon they pay their U.S. 1ncmre
tax (i.c., they don' t have to pay tax on the money they give us). '

[}

We f;md that leqally such deductlonq on tax are possible only if our organ—
ization is granted what is called a C-3 status hy the federal government. fle £
apply for this status to the U.S. Internal Pevenue Service (IRS). Ve claim

- we arc a legitirate, charitable brganizaticn working in the interests of the
‘ » welfare of thic Amgrican people. Unfortunately, the IPRS refuses to grant us
C-3 status; indegd, they sirply state we are an oxganlzatlon -of crackpots, with
no logitimate redson for existonce.

-
If.you believe our cause is absurd, explain why. Uhat other factors might v
more logically cause the high U.S. and Va.nozuelan mortalities of 40 year-old :

males? ‘ .-

} v
D - % »
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¢ Problem 4-1

oOne of the attractive alternatives to try to reduce auto accidents is
to mgke driving regulations uniform throughout the United States, rather
than to tolerate different laws, cven in neichboring states. Decause the
Constitution leaves with the states all powers not specifically assicred to
the federal coverrment, and because there has been a strong public attitede
against unncccssary centralization of covermrentél suthority, it has proved
difficult to chtain consistent laws among the states. Incdeed, the princiral
pover, of the federal government is in the disbursing of funds; in the Inter-
state highway program, billboards vere forbidden by the threat to withhold
mney. ] . L

3

At the preosent time, there is a major arqument over vhether to allow a
- right turn during a red light. Twelve states already permit this; 13 .
others ‘allow such turns vheonever a sign is posted. The National Highway .
- Traffic Safety Administration has proposed a unifcrm rule always to allow .
aright tums on red unless a sign spocifically forbids it. (In every case,
the driver tuming right rust yield ‘the richt of wdy to pedestrians or to
traffic moving through the intérsection on green). = ‘ S
- ' The most vehement opposition has come from officials in the major
easteérn citics. - What arc the motivations and arcuments agaNpst the ITTSA

. proposal? What are the principal arguyments for? "How would ypu pgrsonally

vote? . ,

1

PR
X4 N

.+ 'Problem 4-2, o . L T o

L
‘ ize briefly the argumonts for and against the air bag as an
auto safety cdevice. If you saw the movie made by Allstate, indicate
. which arguments you would have incduded agaipst the air bag requircront ,

in order to giye an unbiased prosentation. If you did rot see the rovie, '
d .1ist the varighs arqumonis for and against, assicn relative weights to

each of these, and detormine a not quantitative arqument for or against.

»

Prohiem 4-3 _ -

* .

Laws in edch state differ as to the alocholic content allowed in
the breath or blood bofore a person is prestned to be quilty. In many
cases, a half dozen drinks over tuo hours (or an equivalent mamber ci
bottles of bear) must be consumcd befeore the average adult male reaches
the "gquilty" level. Since there arc perhaps ton million alconolics and
serious, chronic drinkers in the United States, the xole o alcohol in

- auito accidents is apparent. For your state, determine the legal defini-
tion of being "under the influence of alcciol,” the mmbdr of drinks
required to reach this state (this depends on the weight of the individual),
and the tests which police are alloved to make on a driver they suspect.

@
i
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* Problem 5-1 -

One of the most ternfqu features of the drug problem is the growing
nunber of babics who gre addicts at birth because the mother used heroin -
during pregnancy. In 1972, onc of every 40 babics born in New York City was
addicted and had to o throuqh withdrawal, with the accorpanying convulsions,
diarrhea, and vemiting. liow York is certainly atypical, since half the U.S.
heroin addicts are there, but perhaps that city is a forewarning of problems
elsewhere. v \ .

It is only vcry regfntly that such infants have been kept alive, so there |
is no indiction yet as to what the effects will be in later life. Even if the
prospective mother could, be found for treatment during pregnancy, the problenm
would not disappear: withdraval may cause convulsions and death for tie fetus,
and mcmadone withdrawal is perhaps worse than.heroin for the infant.

If we accept the fact that heroin ac’dlctlon is not likely to decrease
significantly amang the young women of child-bearing age, what goverrmontal
actions would you recamend to try to reduce the mumber of newborn addicts?

4
T

Problem 5-2

~

In Parcto décision amlyql 3, we consider “cach of the groups affected
by the decision and the net value of cacn possible alternative to cach of
these groups.  Woe then throwo put cvery alternative which is clearly inforior
to another. In this way, the¢ corplcdty of the problom is reduced, and we
necd only decide among alteynatives on the basis of what weloht to give each

group.
-~ / ) .

' For exanple, if therb are only two groups (A and B), ve can plot the

- values of differont mcmzom.

. ,; ) ) ] ’ -
Valug to 4 * . . .
: B . ; o ,
. L * I !

-

o II : R 1

Value to A

!

it
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s
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f t

We show five altermatives (I, 1T, III, IV, V). We can reject II im--
mediately compared to I since the two have the same valug to A, but I is\ -
much better for-grow B. Similarly, V almost dominates III with respect
to value to A. Thus, we rcally have to chgose grong dnly I, V, and IV.
Which we select now depends on the rélative importance of gi'ov.?s A and’B.

. e 3
The parking problem at the umv/erélty, shopping mall, or downtown .
, cent®r is a decision problem in which Paretq amalysis can be applied.. 4
Select a specific, familiar exarple and consider the questions:

| * ./ ] ' ;
What are the.interest groups? (The state taspayers should obviously
be included)? S :
' . . | ‘ 4 s
What are all possible options, including combinations of alternatives?

What"would be the form of a Pareto model?

-

" -~ { )
Problem 5-3 : - e «

W

_ .
. In a health cxamination, one of the :im::ortzmt\nﬁasuremts is called U

spironetry. This involves measurgment of the volure of air which the man »

exhales in one Lreath., This volue is a reasurement of the lung.cépacity

and is particularly important in assocssing the health-of “@n older person -

(where lung detorioration and enphyscerd @re apt to be potential problems) .’

We can make the measurcrent very simply. The man to be tested.takes
as doop and full ‘a breath as he can, thon exhales as ruch air as possible
into a balloon. The largest distance around the balloon (the circumfercnce)
is found with a tape measure and recorded.  The measurcment should be re- ‘
peated three times with each peorson; if the three read¥hgs are not within,
.20% of one another, additional measurcments can be mxde to obtain a me: o
ment in which we can have reasonable confidence.

The %plrt)m::try measurenent illustrates three important characteristics
of most health tests in people: .

o

! (1) Success of the test depends on the full cooperation of a
relaved and comfortable sulgject. If the man being tested
is frightened, nervous, or overly tence, test results’are
of little value. Furthermore, the man must cooperate; no S
one can make h#m take as large a breath as possible.

(2) '‘Results for one patient are not precisely repeatable. No
one can brecathe twice exactly the same way. Conscquentl .
we must use an average. 1In health testing, we often vould '
really like to have this average taken over several days,
since in any one day the man's response ray be influenced
by tiredness, by what he ate the day before, and so on.
Normally, however, we have to be satisfied with data col-
lected during:'ane visit to the testing center.

®
3
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(3) Test results vary markedly from person to person. -In many

tests we find a distxibution of results such as shown in:
the figure. This variation from person-to-person is apt
to be quite large; tifis is true even among totally healthy
people. ‘ '
' t
L] ) . ‘ -~
Y b7 .
Relative ’ ‘
numbey, of 4 )
\ men ’
) ‘\\ ) “' L} L) ] T T AT —==
‘, . N X ) . d a .b_ c
—~ ‘ ) B ‘ ‘
7 ) Volume of air exhaled P
: ‘ Spirometry test results. : .

¢ ]

A The .above characteristics are particularly troublesome when ve try
to intcrpret the results -- e.g., to determine vho nceds medical care.
. If we look at.the results of the figure and eramine the patients fore

closely, we might find,.for example, that

) L
(a) Around region a, half the people are completely normal
and healthy. ! : ' .

¢

(b) Around rcgion b, 60% of ‘the people are normal. - L
. (¢) Around c, 70% are normal. R | |

In‘cthor words, 21l the tect really chown ic the pecple vho sl}e’lld be
tested further. As we move toward poind d in the curve, there 1S inCreasing’
probability that the man requires treatment -- although even a subject at

a is only a 50/50 progosition.” "

* Thus, test results on people are rarcly conclusive — rather they mist
be interpreted in torms of probability. If we were running spiramesry tosts
on a large group of people, we would have to decide at what level ve sheuld
recommend Further tests. Should we suggest testing of everyone below b?

" Clearly this would mean expensive and annoying -tests of a large nswber of
yple who are -healthy. On the other hand, if we set the referral lewel at
al we have fewer "false alarms", but we also have more “misses”’ (ill patiefts

who are not identified by the test). . A \

. ' . .
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As an expamnnt test* all) volunteermg mmbers of the class or; a group
of friends and plot’ the results in the form of a curve. Determinc who the
. ~ hcavy smokegs are in the group and determine whether these people possess a

- different average than the non-smoking group. If middle-aged individuals can

be tested, the effects of smoking are clearer.. (If theentire test grouo
consists of young, healthy adults, the test pr:l.manly ShGWS t‘he wide range
of results achieved from healthy people) ' y roo

In a different health test, ‘the follewing results are aclueved frcm tests

on 20,000 people )
. ) -

" Test result 2 Fractmn nccd;nq care
- less than g20‘ 60 : ’2 . L
20 -~ 22 , | 12 . 20 < " v
. 22 - 24 <, 10 ) ., 40 . '
24 - 26 ) ‘ . 60 .
26 - 28 L T 80 T
| 28 ~ 30 _ 3 90 o -
j . " RS

*For this experiment, the equipment needed is a small flacid balloon (which.
"can be partially inflatced by the cxpiwation of one breath fram a person, but
not inflated to.the point of burstlng) and a tape measure. It is desirable N
to have cx-tra balloons ava_llable in case-.one bursts. '

H
¢

«

{1) What should be the referral vel for further tests if we ‘
* are willing to have 50% false Aarms? ; ~

(2} Under the plan of (1), how many 111 pecplc will be overlooked
. - Qr ml sed? .
'] ' . &
(3) - What should be the referral levél to catch 50% of the ill
8, people? What is the corresponding mm ber of false alarms?

(4) If ecach referral costs $100 for the additional tests and ecach
. i1l person migsed costs $1000 in later care which could have
e been avoided ¥y early detection; what is the referral level -
o minimizing the total cost?
(5) What factors other than those considered above might influcnce
. our choice of referral level? Discuss the problem of choosing
- - . ‘thebest level. ° : e
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" Problem 6-1

. 'There have been proposals to solve at once both the enerqy crisis
and the solid‘waste problen by using the waste as an energy. source.
Several cities have small plants vhere the incineration yields steam
which is sold for the production of electricity or héating. Baltimore
is currently building a facility to handle 1,000 tons of solid waste **
each day. Even with the sale of steam, the cost of wasté disposal will
_ be about the same as landfill. :

A more promising prospect is to produce oil by a hy .
from ofganic wasees., In this process, the waste, sodium cz
monoxide, and steam are subjected to hich pressure (perhaps
per square inch) at a termperature over 300°C for an hour.
of oil are produced for every ton of waste. The fotal oil

, 000 pounds
ut 1.25 barrels

(af If all 90D million tons of dry organic wastes could be\
oollected throughout the U.S. every year from manure,
urban refuse, sewage, industrial and agricultural wasteé\, \
what percentage of the nation's oil neceds could be sat-
isfied? : ' . \

. ) In'practice,,only 15% of these vastes can be casily - .
: collected. Why?, . | Y |

(c) What pe.fcen,tage. of the nation's o0il neceds might be '
: econamically satisfied by hydrogenatign of organic -« R
wastes? R I '

(A fascinating study of the problems pramised’by future growth is :
reporied in the paperback book by D.H. Meadows, D.L. Meadows, J. . - B
‘Randers;, and W.w. BEehrens, IFI, "The Limits to Growth,” Potomac fssoc., .
“Washington, B.C., 1972.. thile the premises .for this ca’puter el study
by the Club of Rome have been attacked, the important contribution is the '
. dramatic &mphasis on the urgency of “such modelling research). ‘ K

. . d)\‘ 2
_‘Problsn-s-z- ' - oL ' _ .

~ . ) . - s g

‘ The water suf:ply W{r a large city is an example of resource depletion,
evén though the supply 1s continually replenished. When the use rate exceeds
the reservior-refillment rate, the resource will disappear.’ .

New York City, with its 8 million inhabitants, uses 1,200 million gallons *  _
- of ‘water per day. Perhaps 20% of this is wasted in leaks: the two tunnels
bringing water-to the city are 60 and 50 years old, and the valves have never
been closed. Indeed, parts of the underground distribution system are uncharteqd,

at least in available records.
2
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{a) Bver since the drought of tih mid-1960's, restaurant owners have
contributed to the water-conservation program by not serving a
‘ glass of water to a custcrér enless he asks. Does this policy
' result in a significant saving? Why was the program started at
v . the time of the drought? ' ) :

) If a reservior toilet is used (mth the water tank behind the
seat) , each flushing uses about 5 gallons of water. From.
measurements of a toilet® réservior, show this fact. Determine . T
the water per pérscn used each day in flushing of toilets -
. (actually the average numbér, of flushes per day is not,a known. )
- : scientific fact, and estimates have varied widely). 1 the early
: days of television, the audience for a sho¥% was feasured by the .
municipal watdr campany: when a camercial came on, the abrupt )
surge in water usaga was taken.as an indication of the number of -
people \r:atching. ‘ - ‘ o . '
\ ,
’ < {c) Watex consarvatmmsts urge hompovmers to place g brick in each
o toilet tank. The flushing pressure, dependent on wyater depth,
/- .is waffected, but the quantity of vater used is redmced. Esti-
: " mate the perce'nt saving in dafly consumption' if everyone used -
a brick. (The program is mtlmsmst_lcally supported by the .
brick manufacturers). - - .

. {d) MNew=York City is now construeting a third tumnel, both to
increasc sthe water supply and to have protectlox} against
sabotage or other failure of one of the two existing tunnels.

Do - Describe brlefly the effects of blockage of one tunnel.
. .
. N .
»
. _ LA K o - N, N\
. ~Problem -3 ‘ T
. ‘ « L . , . SRR
N B - . v .
In the 1920's, coal dgminated encrgy use.in the United States: By
_ 1948, ccal provided lecc than half the cnoxgy, and today it aounts for
- only 20%. O0il has riscn slowly from 1/3 in 1946"1:0 43% now. Natural gas
: use is increasing at the rapid rate of 7% per year; in 1946, ¢as cave-14%
of the energy, today it provides 33%. ~ o e

A

(a) - Discuss the reasons for'the decline in the role of coal.

(b) What have been the social and cconcmie effects of this
: decbine, part.imlarl,y in an area such as Appalac;hia?

{c) 1f coal casification and cecal cleamng technologles can
| . A bedeveloped are econcmical, what changes can be
' — anticipated aftgr the A980's? ,‘ ‘

W) al S
.

<0t




L §

Problem 7-1 , .

‘A . - -
&« - l\ ( ’ ‘. ' .
_ In recent years students at various colleges and universities have
made studies of the noise environment. Same of the worst offenders are
subvays, .aircraft near airports, garbage trucks, consfyuction ipment,
city traffic, hame lavm mowers, and-hi-fi sets. Two approgches “which
mlghtd:)e enploycd to reduce noise are rogulation and educatlon.
.{a) If a noise: level meter is available (an inexpensive one .
j -2 can be purchased for less than $50), measure the noise
level at various places in your normal enviromne'nt
(b) "Which sources of noise could be reduced at llttle of no
: L . cost or inconveniemce? In eac:a case, can the reductlon
e . be aclu.eved by rcgulation or educatlon?
" (c) vhat people within your aoquauntanée lead lives which
bring their noise environment close to the federal s
limits for industry? - ; : = . e
. ) - f - . . ) . L]
Problem 7-2 .

- On2 problem in providing+accdss to urban centers is that a large’
- percomtage of .suburban camuters travel alone to the city: in autcm:)biles.
One suggestion is to reserve a lane of expressways for cars with two or

~w IMore occupants. The hope is to enoourage car pools. \

(a) What arguments mght ccxrtmuter groups glvo aga:mst ﬂu.s plan? o

_ (b) What problems Qf anforcement will be facded by thestraffic
departmmt? (nen this was tried in 1972 in San Francfsco, sane drivers
carried xmmequl ,on the front scat — hopefully with lap belts =~
fastened). v

(c) What offects would you antlc1pate in tthe noise enmrcmmnt if this
plan were successful?

o
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Problem 81 . Y

_ Problem 8-2

One of the serious pmblens we face cames from the natural tendency
to seek simple solutions for problems which are actually exceedingly
canplex. Often these obvious "solutions" have side effects which are more

‘serious than the problem we originally wanted to solve.

For exarrple, ‘there are strong forces arquing for the replacement of
phosphates in detergents by washing soda (largely because of the environ-
mental ‘effects of phosphates). that are sane of the possible side effects
if this change is succesgfully made? .-

For one thing, in 1970 at the various mls%a control centers in the U.S.,
there sere about 4,000 people treated who had swallowed household detergents.

~ No one knows how many more people took care of themselves or were treated by

their personal physicians. If soda had heen substituted for the phosphates,
thesg people might have been very seriously injured (for example, with severe
narrc.ving of the throat passage as a result of the lye). ,

If you were director of the U.S. Envirommental Protectlon Administration,

dJ.SCf;1§S how you would develop a model which would guide your dettision on eval-
- uating the human pmsonmg effects of detergents. :

(Vg

A table of letter frecuencies in normal Engl.xsh writing is given at
the end of this problem. From these data, we can evalvate the opcration
of the conventicnal typesriter kegboard witich was designed around 1872.
The widespread-use of the typowriter in this century has been one of the
major contributions to the liberation of wogpen tb,rough- the creation of
millions of secretarial jobs. - In China, for exarple, typing is nmuch less

.common because 5,000 syrbols are rcxmlrcd (the typist selects one of an /

array of plates, slides this into the typewriter, and then forms the
desired syrbol). The original design, the one we now use, was dpqm
to prevent the keys fram jamming as they approached the rollex franm
various directions.

There are many camen inefficiencies in the present arra&ngmnént. A
letters like A and E and D are difficult to hit, -unusual letters like
J and K are awong the easiest to type.

In 132, August Dvorak developed a vastly m*proved keyboard, vhich

| is probably close to the optimm. Ackually, the best d&sign has never-been

determined since vhat is best deponds on tho criteria used (do we want to
divide the words evenly ngztween the two hands, minimize the times when two

eﬁ 2

‘)["c)

.e“d -
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¥Stance travelled b'_(@thc tvo hands in a day's. typing, and so on?).
The Dvorak keyboard has the threec rows of letters fram left to nght.

?,.PYFGCRL/
AOEUIDHTNS -

,OJKXBMWVZ
o . o
This Dvorak Siﬂpl!ied Keyboard (DSK), available on regulam kypewriters,
has several important characteristics:

(1) In amaverage day, a typist's fingertips move samething like
15 miles with the standard keyboard (called the Q&’ERT& system) campared
to about one mile with the DSK.

(2) Many typists can double their speed &nd -reduce errors by
switching to the DSK.

(3) Fatique 1s reduced.
(4) Iearnmg Js much simpler and faster

- In addition, other cquantitative characteristics can be caléulated

from the table of letter frequencies: .
: "

(a) With each koyboard deterfiine the probabll ity of each of the

eight fingcrs being used. llere we omit nurbers and punctuatlon narks.,

(b} With each keyboard, carpare the pzobablllt:x.es that a desired
Bey' is in each of the three rows. |

- {c) With each keyboard, compare the probabilities of using the
‘right hand.

(@) 1If we introduced DSK typawriters into our offices, the typists
would have to learm a now systom, vhich jpopically roquires a fow veoks.
Cament on the possibility that then the typist could easily switch back
and forth between DSK and QuLRIY typewriters.

Several articles have apprarced recently in the popxilar pross on
the inefficiency of the standard tvpeurltﬂr J.evboard. One is the

"Tyranny of QWEIGY," by Charles Leokberg in Saturdav Poview, Science,
October 1972, pages 37-40. For readers unfomiliar with pro}m.olllt}
“concepts, a great introduction is prov1dod by Warrcn Weaver's paperback,
"Lady Luck," Doubleday Science Study Secries, 1963.

| « ¢

BANN!
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Probability of letters (out of 1000)

E 132
T 104
A 82
0-80
N 71

R 68
I 63
S 61
H 53
D 38

L 34 G 20 V9
F 29 Y 20 K 4
c 27 P 20 X1 :
M 25 W19 J1
U 24 B 14 ol
7 1

;') (}}‘ ¢
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Accidents' in U.S., 96-139
automobile, 97
fire, 134
Active restraints .in. autos, 104
African bees, 5
Air bags, 106, 108, 112
Alcohol and driving, 117-126, P 4~3
countermeasures for, 124- 126
legal measures in, 119
technology for, 121
Amplitude, 211, 214 :
Appropriation bill, 76, 94
Arrow, K., 182 (footnote)
Assessment, technology, 236
Audiometer, 213, 223 ({ootnote)
Authorization bill, 76, 91
Auto accidents, 96
collision one in, 98
collision two in, 101
collision three in, 105
Automated health testiog, P 1-2, P 3-1
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